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LECTURES 

O  N 

NATURAL    PHILOSOPHY. 


OF    THE 

NATURE  AND  PROPERTIES  OF 
WATER. 

LECTURE    XII. 

THE  fludy  of  nature  is  as  much  diflinguifhed 
ffom  other  fubjeifts  by  the  importance  of  it's 
matter,  as  by  the  variety  of  it's  topics.  But 
amidft  all  this  variety,  the  true  pbilofopber  is  inter- 
efted  by  the  objedls,  only  in  proportiDn  to  th^ indi- 
cation they  afford  of  defign  and  providence  in  the 
government  of  the  world.  This  confoling  tefti- 
mony  you  will  find  fprcad  abundantly  over  the  face 
of  nature  j  it  is  every  where  diftributed  into  maffes 
and  portions,  according  to  the  nature  of  the  fub- 
jeift,  Every  objeft  we  meet  with,  great  or  fmafl, 
bears  the  flunp  of  an  all  perfect  creator,  ia  a 
mark  of  his  wifdom.  a  monument  of  his  power, 
and  a  proof  of  his  goodnefs :  many  instances  of  the 
oirder,  beauty,  harmony,  and  proportion,  in  the 
Dorics  of  nature,  have  been  exhibited  in  the  fore- 
^ing;  Ledures.  The  fubje^s  that  I  am  going  to 
treat  of  in  this  Lecture  will  fumiih  us  wiSi  more. 
Vol.  a  ^.  A» 
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2       Lectures  on  Natural  Philosophy, 

As  you  advance  in  the  knowlct^e  of  nature's  va- 
rieties, your  mind  will  be  opened,  and  you  will  find 
frefli  ornament  in  truth,  frefti  dignity  in  devotion* 
and  frefh  rcafon  in  religion.  By  thus  employing 
ytJUr  contemplations,  you  will  not  only  enjoy  the 
|Jureft  plcafure,  but  you  will  learn  in  the  fcriptural 
phrafe  to  walk  with  God,  and  cherifti  towards  him 
a  certain  loyalty  of  heart  that  brings  all  the  ar- 
dours and  fenlibilitics  of  our  nature  to  the  fide  of 
religion." 

From  treating  of  air  and  Bre,  I  now  proceed 
to  coniider  the  nature  of  water,  whofe  wonderful 
properties  are  alone  an  abundant  fource  of  know- 
ledge. It  is  a  fubflance  that  in  a  certain  degree 
of  heat  is  ^uid,  in  a  lefs  it  is  /olul,  and  with  a 
greater  degree  is  convertible  into  an  f/ajlic  vapour 
of  incredible  force.  It  is  capable  of  diflblving  all 
kinds  of  falts,  of  abforbing  and  detaining  in  it's 
fubftance  the  air  of  the  almofphere,  of  being  ele- 
vated and  fufpended  in  immenfe  quantities  in  th^ 
regions  thereof.  In  the  general  ceconomy  of  na- 
ture, water  promotes  folution,  feparation,  aflbcia- 
tion,  and  fubfidence.  It  is  a  fubftance  which  en- 
ters into  fo  many  operations  both  of  nature  and 
art,  that  to  give  you  a  full  defcription  of  it's  pro- 
perties would  include  thofe  of  moll  other  fub- 
ftanc'esv 

It's  weight  is  ufed  as  the  meafure  o^  fpecifie 
gravity.  It's  tetHperaliire  at  the  changes  from  foli- 
"  dity  to  fluidity,  and  from  thence  to  the  elaftic  ftate, 
are  taken  for  the  fixed  points  of  theimoitieters. 

Water  conftitutes  not  only  the  principal  part 
of  blood,  milk,  wine,  oil,  and  other  fluids,  but 
alfo  enters  in  a  large  proportion  into  the  conftitu- 
lion  of  the  folid  parts  of  all  animal,  v^eubte. 
and  of  fliany  mineral  fubftances. 

Water 
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Water  fcrves  to  the  art  and  navigation  of  man, 
as  air  fervcs  to  the  wings  of  the  fefithercd  fpecies.  . 
Ic  is  the  eafy  and  fpeedy  medium,  the  ready  con- 
duA  and  conveyance,  whereby  all  redundancies  are 
carried  off,  and  all  wants  fupplied.  k  makes  man 
as  it  were  a  denizen  of  every  country  on  the  globe. 
It  (hortens  every  diftance,  and  tics  the  remoteft 
regions  tc^ethcr.  It  carries  and  communicates  the 
knowledge,  the  virtues,  the  manufa>:tures  and  arts 
«f  each  cliiue  to  all.  Ic  gives  fprings  to  induftry* 
energy  to  invention. 

Of  tji£   Composition  and   Pzcohpositioh  of 
Waser,* 

Until  very  lately  this  fluid  has  been  always 
confideredas  a  fimple  fubftance.  The  experiments 
of  Mr.  Lavoifier,  which  I  have  related  to  you  in 
A  former  l^eiSure,  has  induced  many  to  confider  It 
as  a*  compoundf  confiUxBg  of  inflammable  and  vital 
airs :  in  otlwa'  words,  that  the  whole  mafs  of  any 
quantity  of  water  may  be  converted  into  jnflam-^ 
mable  and  vital  air :  and  that  l:he  combudiori  of 
ihefe  airs  produces  »  volume  of  water  proportioned 
t.0  the  weight  of  the  airs  employed  in  the  experi- 
ment. Though  I  have  already  fliewn  you,  that  the 
experiments  of  Mr.  Lavoifier  and  the  French  che- 
XfiiRa  by  no  means  warrant  the  dedu<5tions  ther 
iiavfi  made  from  them,  yet  as  jhey  have  made  theft 
experiments  the  bafis  ofa  new  fyftemof  chemiftry, 
and  hav£  invxnted  and  appropriated  a  ntw  fet  of 
terms,  in  order  to  propagate' it  more  readily,  it 
will  be  jieccflary  in  this  place  furth«-  to  inveftigate 
^e  fubjedu 
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That  their  experiments  do  not  authorize  their 
conclufion,  appears  from  this,  that  when  vitat  and 
iRflammafaie  airs  are  decompof^  by  heat,  wc  find 
both  froifi  the  experiments  of  Dr.  Prietllcy  and  thfc 
French  chcmifts,  that  the  nitrous  add  is  always 
formed;  and  though  thi^  acid  has  been  faid  to 
come  from  the  phlogifticatcd  air,  which  could  not 
be  wholly  excluded  in  the  procefs.xhere  arc  feveral 
confiderations  that  prove  the  .acid  could  not  have 
;his  fburcc;  the  more  fo,  33  this  pi-occfl  doesnot 
at  all  dccompofe,  or  in  the  fmallcA 'degree  affcft 
phlogifticatcd  air. 

In  what  ever  manner,  fitys  Dr.  Prieftlcy,  vital 
and  inflammable  air  be  made  to  unite,  Jome  acid 
is  produced,  and  in  no  cafe  pure  water.  If  Iron* 
containing  phlogiflon,  be  heated  in  vital  air;  or  if 
precipitate  per  fe,  containing  vital  air,  be  heated  in 
inflammable  air,  ^xed  air  is  always  formed;  whereas, 
according  to  the  modern  hypothefis,  water  ought 
only  to  be  produced  in  both  cafes. 

Water,  tHe'y  afifert,  is  always  decompofed  when 
it  is  made  to  pafs  over  red-hot  iron;  the  iron  accord- 
ing .CO  their  opinion  imbibing  the  acidifying  prin- 
ciple, the  remainder  going  off  in  infiammable  air. 
Now  it  is  unfortunate  for  this  hypothefis,  that  no 
fubftances  will  anfwer  for  this  experiment,  except 
fuch  as  hnve  always  been  con1idei%d  as  containing 
phlogifton.  It  is  therefore  mbft  probable  ro  fup-  - 
pofe,  that  the  inflammable  air  is  formed  by  the 
phlogifton  from  thefe  fubftanccs,  water  being  the 
bafc  j  and  that  if  any  part  of  the  fubftance  reftiaiil  • 
and  acquire  weight,  it  receives  that  additiortial 
weight  from  water  only. 

That  phlogifton  is  an  clement  of  water  feeihs 
probable,  1  ft,  becaufe  water  conddds  clefiricity  lifcft 
irctals  and  charcoal,  into  which  the  fame  princi- 
ple enters;  and  2diy,  becaufe  when  frefti  diftillcd 
it  attradts  vital  atr  from  the  atmofphcre,  whkh  is 
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«Ifo  a  pFoperty  of  other  bodies  containing  phlo- 
.gifton.  In  this  fenfe  icmaybe  faid  to  tontain  both 
theprinciplesof  the  new  theory, though  it  isafenfe 
that  entirely  overthrows  that  theory.   -■ 

Without  however  entering  nriore  minutely  into 
this  inveftigatkin,  it  i?  fufficient  to  obfcrve,  that 
the  formation  of  nitrous  acid  from  the  con^buftion 
«f  inflammable  .and  vital  airSj  clearly  proves  that 
water  is  not  a  compound  of  tbe/e  airs  ;  or  that  it  is  only  ' 
/o,  in  a  certain  proportion  oftheje  ingredients^  while 
another  proportion  yields  nitrons  acid. 

For  by  admittirig  the  formation  of  the  nitrous 
acid  from  the  fame  fluids,  the  argument  for  the 
compofition  of  water  drawn  from  the  complete 
fubftitution  of  an  equal  weight  of  water  to  that 
of  the  airs  which  difappear  by  tombuftion,  no  lon- 
ger exifts*  and  as  the  appearance  of  a  large  quan- 
tity of  water  in  thefe  experiments  is  readily  ex- 
plained from  the  precipitation  .of  the  water  which 
is  known  to  be  fufpended  in  thefe,  elaltic  fluids,  or 
which  even  make  a  ncceflary  part  of  their  compo- 
fition, no  fait  remains  on  which  the  hypothcfis  of 
the  formation  of  water  from  any  proportion  of  in- 
flammable and  vital  air  is  grounded.  The  funda~ 
mental  experiment  of  this  doArine,  namdy,  the 
equal  fubftitution  of  water,  and  nothing  but  water, 
■to  the  airs  which  difappear,  being  removed,  the 
JiruSure  with  all  it's  ornaments  muft  fall,  and  no 
other  veftige  will  remain  but  the  ingenuity  and  Ikill 
of  the  artift. 

Of  Water  in  a  Fluid  State. 

Water  is  conJidered  as  a  pellucid,  coiourlcfs 
fluid,  taftelefs,  and  without  fmell,  nearly  incom- 
prcfliblc,  and  elaftic  only  in  a  fmall  degree.  It  ad- 
heres to  the  fubftanceof  moft  bodies,  but  penetrates 
and  incorporates  with  a  ftill  greater  number.  It 
B  3  extinguiHies 
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txtinguiflies  flame.  It  is  capable  of  pafTing  through 
various  ftaces  of  aggregation^  from  the  folidit/  of  ice 
to  the  tenuity  of  vapour. 

Many  have  confidered  *V  »«  the  natural  ftatc 
of  water,  and  the  fluidity  thereof  as  a  ftate  of  vio- 
lence, or  as  ice  kept  in  continual  fufion^  and  return- 
ing to  it's  former  ftatc,  when  deprived  of  a  certain 
quantity  of  Are.  Were  you  to  deflne  lead  and- 
water,  you  would  call  one  a  foUd,  the  other  a  fluid, 
cfteeming  thefe  their  natural  condition.  Yet  if 
water  be  not  aiflcd  upon  and  combined  with  a  cer- 
tain quantity  of  fire,  it  becomes  a  folid.  We  call 
that  Jialf  natural  which  falls  immediately  under 
our  obfcrvation.  If  we  had  lived  in  Saturn,  wc 
Ihould  have  given  but  one  name  to  ice  and  water,  al- 
though we  might  now  and  then  have  jeen  it  liquified 
infummer;  and  on  the  other  hand,  had  we  been  born 
in  Mercury,  we  (hould  have  deemed  lead  a  fluid.  ■ 

The  particles  of  water,  though  moveable 
amongft  themfelves  with  the  greateft  eafe,  yet  ad- 
here together  with  a  certain  force ;  thus  a  drop  of 
water  remains  fufpended  at  the  end  of  the  finger, 
although  the  inferior  particles  only  touch  other  par- 
ticles of  the  fame  fluid.  This  adherence  of  the  par- 
ticles prevents  fmail  needles,  or  very  thin  plates  of 
metal  from  finking  therein,  as  they  reflft  divifion 
more  than  the  excefs  of  the  fpecific  gravity  of 
thefe  .bodies  over  a  relative  volume  of  water. 

Water  can  only  be  compreJTed  in  a  \try  fmall 
degree,  fo  fmall  that  it  may  in  general  be  confidered 
as  incompredible,  as  will  be  evident  to  you  bycon- 
fidering  the  Florentine  experiment  which  I  have 
already  mentioned  to  you.  That  it  is,  however, 
comprefliblc  in  a  fmall  degree,  may  be  proved  by  an 
eafy,  experiment :  put  water  into  a  bottle  with  a 
ftcm  nicely  graduated,  obferve  the  degree  at  which 
it  fta.ids,  and  place  the  bottle  under  the  receiver  of 
in  air-pump,  and  exhault  the  air  therefrom  j  when 

the 
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the  preffure  of  the  air  is  removed,  the  fluid  will  rife 
a  little. 

We  have  no  fluid  more  fubtil  and  penetrating 
than  water,  except  firej  it  enters  into  the  minuteit 
particles  and  pores  of  matter,  the  fineft  vc0els  of 
animals,  and  the  fmallefl;  tubes  of  plants,  and  will 

Jrierce  through  fubftances  which  will  detain  air  it- 
elf.  This  penetrative  power  of  water,  tt^ether 
"With  it's  fmoothnefs  and  lubricity,  renders  it  a  fit 
vehicle  for  the  eafy  conveyance  of  tht  nutritious 
matter  of  all  bodies. 

It  enters  into  the  compofition  of  all  the  fub- 
ftances belonging  to  our  earth.  There  is  probably 
no  fublHnce,  whetheranimal,  vegetable,  or  mineral, 
without  it.  Every  being  with  life,  in  a  great  de- 
gree live*  by  it ;  and  whatever  grows,  through  it 
receives  it'sgrewth  ;  and  wherever  it  enters,  accord- 
ing to  the  otconomy  of  providence,  it  promotes  and 
iuftains  life,  preferving  all  material  nature  in  their 
proper  claflea  of  exiftence.  It  bears  a  part  in  the 
formation  and  decwnpofition  of  all  the  mineral 
kingdom.  It  is  neceflary  to  the  free  exercife 
of  the  lun^Uons  of  the  animal  body,  and  haltens 
and  facUiutes  the  deftrudtion  of  both  vegeta- 
bles and  animals  as  (bon  as  they  are  deprived  of 
life.  But  whether  you  confider  it  as  produftive'df 
health  to  animals  and  vegetables,  as  rcquifite  to 
the  beauty  and  exitlence  of  the  earth,  or  as  one  of 
the  great  powers  by  which  God  works  in  the  fuften- 
tation  and  adion  of  the  whole  univerfe  j  you  can- 
not but  admire  the  fublime  propriety  with  which,  as 
a  fcnfible  image,  it  is  ufed  in  the  facredfcriptures, 
.  to  reprefent  divine  truth,  and  the  holy  inhuence 
■of  our  God  and  Saviour. 

Presence  of  Water  in  the  Atmosphere. 

So  great  is  the  ncceffity,  ufe,  and  importance  of 
this -fluid  in  all  things,that  fomeanciem  phik>rophcrs 
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were  imprefTed  with  a  notion  of  it's  being  die  firft 
principle  of  univerfal  life.  It  feems  to  be  univcr&Uy 
difiiifcd.  And  it  will  be  eafy  to  convince  you  of 
the  great  quantity  contained  in  the  air.  You 
may  be  faid  to  walk  in  an  ocean ;  the  water  in- 
deed of  this  ocean  docs  not  become  the  <^jei%  of 
our  fenfes,  we  cannot  fee  it,  nor,  whilft  it  continues 
thus  fullained  in  the  air,  do  we  feel  that  it  wets  us; 
but  it  is  fVill  water,  though  it  is  neither  vifible  nor 

.  tangihle:  juft  as  fugar,  when  dlHolved  in  water,  is  fiill 
lugar,  though  we  can  neither  fee  it,  nor  feel  it.  Some 
are  puzzled  to  find  water  enough  to  form  an  univer^ 
fal  deluge ;  *  to  aflifl  their  endeavours  it  niay  be  re- 
marked, that  were  the  whole  precipitated  which  is 
contained  in  the  air,  it  might  probably  be  fufficient 

.  to  cover  the  furfacc  of  the  whole  earth  to  the  depth 
of  above  30  feet.  If  a  bottle  of  wine  be  fetched 
oil  of  a  cool  cellar  in  the  hotteft  and  drieft  day  of 
fummer,  it's  furfacc  will  foon  be  covered  with  4 
thick  vapour,  which  when  tailed  appears  to  be 
water.  This  watery  %'apour  cannot  proceed  ftom 
any  exudation  of  the  wine,  through  the  pores  of 
the  bottle,  for  the  glafs  is  irapervtous  to  water,  and 
the  bottle  remains  full,  and  when  wiped  dry  it  is 
found  to  weigh  as  much  as  when  taken  out  of  the 
cellar.  The  fame  appearance  is  obfervable  on  the 
outfide  of  a  filvcr,  or  any  other  metallic  veffel,  in 
whiqh  iced  .water  is  put  in  the  fummer  time;  and 
it  is  certain,  that  the  water  which  is  condenfed  on 
the  furfacc  of  the  velTel  does  not  proceed  mere^ 
from  the  moifturc  exhaled  by  the  breathing  of 
the  people  in  the  room,  where  you  may  notice  the 

'  experiment,  becaufe  the  fame  cSe&.  will  take  place 
if  the  veflel  be  put  in  the  open  air.  Water  which 
is  cooled  by  the  folution  of  any  fait,  or  even  fpring- 
water  which  happens  to  be  a  few  degrees  colder 
than  the  air,  produces  a  fimilar  Condcnfarion  of 
Vapour 
*  Wufon'G  Chcmiftry,  vol.  iii.  p.  87. 
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vapour  on  the  Outfide  of  the  veflel  in  which  it  it 
contained.  Thefe,  and  other  appearances -of  tho 
fame  kind  are  to  be  explained  on  chc  fame  princi- 
ple. When  varm  air  becomes  contiguous  to  the 
outward  furface  of  a  veflel  containing  cold  li- 
quor, the  fire  by  which  the  water  is  fufpended 
in  the  air,  and  quits  and  palfes  through  the  veflel 
into  the  liquor,  to  reftore  it  to  the  tetnperature 
of  the  place,  and  the  water  ceafing  to  be  fufpend- 
ed in  the-  air,  attaches  itfelf  to  the  furface  of  the 
,  cold  veflel. 

Another  method  of  proving  the  exifl:ence  of 
water  in  the  cleareft  air,  is,  to  obferve  the  in- 
creafe  of  weight,  which  certain  bodies  acquire  by 
expofure  to  the  open  air.  Dr.  Watfon  put  into 
the  open  air  eight  winces  of  lalt  of  tartar,  which 
had  been  well  dried  on  a  hot  iron;  the  day  was' 
without  a  cloud,  'the  barometer  at  30  inches  ;  in 
the  fpace  of  three  hours,  from  11  to  2  in  the  af- 
ternoon, the  Mt  had  increafed  two  ounces  in 
wei^t.  In  the  courfc  of  a  few  days  it's  weight 
was  increafed  to  20  ounces;  it  was  then  quite 
fiu^,  -and  being  diftilled^  it  yielded  a  pure  water, 
equal  in  weight  nearly  to  the  increafe  it  had  ac- 
quired from  the  air.  Strong  acid  of  vitriol  js 
anocher  body,  which  abforbs  humidity  ftrongly 
from  the  air.  An  ounce  of  this  acid  has  been  ob- 
ferved  to  gain  in  twelv£  months  above  fix  times 
it's  own  wei^t. 

The  increafe  of  wei^t  experienced  by  the 
human  body  (in  many  cafrs  from  the  water,  whicfi 
the  pores  of  the  body  fock  in  from  the  air)  is  an- 
other very  fonfiblc  proof  of  the  great  qiiantity  of 
waixr  fufpended  in  the  air.  The  Biihop  of  Llan- 
dalf  mentions,  among  many  infHnces,  one  of  a 
lad,  at  Newmarket,  a  few  years  igo,  who  having 
been  almoll  flarved,  in  order  that  he  might  be 
reduced  to  ^  proper  weight  ibr  riding  a  match. 
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vas  weighed  at  nine  o'clock  in  the  moming,  and 
again  ac  ten,  and  was  found  to  have  gained  near 
thirty  ounces  in  weight  in  the  courfe  of  an  hour, 
though  he  had  drank  only  half  a  glafs  of  wine  in 
the  interval.  The  wine,  probably,  ftimulatcd  the 
ad:ion  of  the  nervous  fyftcm,  and  incited  nature, 
exhaufted  by  abftinence,  to  open  the  abforbenc 
.  pores  of  the  whole  body,  in  order  to  fuck  in  fome 
.  nouriftiment  from  the  a*ir.  It  is  well  known,  that 
perfons,  who  go  into  a  warm  bath,  come  out  fe- 
veral  ounces  heavier  than  they  went  in,  their 
bodies  having  imbibed  a  correfpondent  quantity  of 
water.  Part  of  the  utility  of  medicated  vapour- 
baths -depends  on  this  principle  of  imbibition  by 
the  pores. 

There  is  a  circumftance  of  importance  con- 
cerning the  human  frame,  which  feems  to  have 
efcaped  the  attention  of  moft  phyfiolc^ifts,  namely, 
the  nature  of  animal  moifture,  and  the  means  by 
which  it  is  fupported  and  kept  up.  I  have  (hewn 
you,  in  this  Ledture,  what  a  quantity  of  mdiflure 
the  human  frame  will  take  from  the  air;  and  this 
might  have  been  fupported  by  a  greater  variety  of 
fads,  if  there  had  been  any  furtTier  neceflity  for 
proof.  There  are  feveral  confideralions  inde- 
pendent of  thcfc  facls,  which  will  of  themfclves 
lead  you  to  conclude,  that  animal  moifture  cannot 
be  altogether  fupported,  or  'accounted  for,  by 
what  is  received  internally,  as  meat  and  drink;  and 
you  will  be  led  to  think  that  the  greater  part  is 
received  from  the  atmofphere  -,  and  that  it  is  pro- 
bable that  the  human  frame  has  a  power  of  dc- 
compoflng  fome  of  the  aerial  Buids,  which  abound 
in  the  atmofphere,  and  procuring  water  from 
them. 

The  confideralions  alluded  to  above,  are,  that 
the  fluids  conftitute  more  than  half  the  bulk  and 
matter  of  the  animal  frame ;  that  the  bails  of  thcG: 

fluids 
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fluids,  is  water  J  that  they  have  a  ftrong  vaporific 
tendency,  and  are  continually  heated  to  96  de- 
grees ;  that  a  vaft  furfacc  is  expofed  to  the  dry- 
ing power  of  the  air,  not  only  the  whole  ex- 
ternal furface,  but  that  alfo  of  the  lungs ;  and  that 
every  vital  fibre  and  particle  is  not  only  expofed 
to  this  heat,  hut  alfo  to  the  motion  arifing  from 
the  rapid  circulation  of  the  fyftem. 

If  to  all  thefe  circumftances,  we  takt;  in  the 
.great  heat  to  which  the  body  is  expofed  in  warm 
climates,  1  think  we  may,  with  little  hefitation, 
fay,  that  if  the  fame  quantity  of  water,  that  is  con- 
tained in  the  human  frame,  were  expofed  to  as 
large  a  furface  of  air,  more  than  one  half  would 
be  evaporated  in  24  hours  ;  for  you  are  to  confidcr 
that  moifture  can  tranfpire  through  our  ikin  ;  and 
that  the  fkin  is  always  moilV,  and  is  continually 
aited  upon  by  animal  heat,  the  air,  and  the  genenil 
circulation;  and  that  without  a  continued  and  fuc- 
ccflive  fupply  of  moifture,  the  (kin  would  be  quite 
-  parched  up. 

Add  to  this,  the  immenfe  difcharges  which  are 
conftantly  ilTuingout  of  the  human  fyftem,  by  in- 
fcnfible  perfpiration,  by  the  great  difcharges  from 
the  lungs,  by  the  natural  .evacuations,  by  urine, 
faltva,  &c.  Take  thefe  altogether,  and  I  think  it 
will  be  jmpo(rible  for  you  to  conceive  thefe  are  all 
fupplied  by  the  mouth. 

Mr.  Harrington  fays,  that  he  has  often,  in 
wintfcr,  examined  his  evacuation  by  urine,  and 
found  it  to  exceed  in  quantity,  the  moifture  re- 
ceived into  the  fyftem  by  the  mouth.  Whence 
then  could  the  fupcrabundant  quantity  arifc  ?  and 
what  fupported  the  other  evacuations  ?  what  un- 
der a  heat  of  96*  kept  every  minute  part  moift, 
foft,  and  pliable?  Many  more  fatits  might  be  ad- 
duced in  fupport  of  this  opinion  ;  but  for  them  I 
muft  refer  you  to-your  own  obfervation,  and  Mr. 
Harrington's  worl4 

Of 
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Or  Water  as  mixf.d  and  gomeiked  with  Booies, 

You  may  confider  the  water,  that  is  in  bdilics, 
in  two  ftates,  either  that  of  iimpli;  K.-ximr,  or 
that  of  eembination. 

In  the  firft  ftate,  it  renders  bodies  humid,  is 
perceptible  to  the  eye,  and  may  be  difcngaged  from 
them  with  facility. 

In  the  fecond  Hate,  it  exhibits  no  charafler 
whereby  you  can  difcover  that  it  is  thus  combined. 
It  exifts  in  this  form,  in  cryftals,  falts,  plants, 
animals,  &c. 

Water,  exifting  in  a  ftate  of  combination, 
concurs  in  imparting  to  them  hardnefs ,-  and  the 
tranfparent  falts,  and  moft  ftony  cryftals  lofc  their 
tranfparency,  when  they  are  deprived  of  the  wat<?r 
of  cryftallization.  Many  bodies  are  indebted  to 
water  for  their  fixity ;  the  acids,  for  example,  only 
acquire  fixity  by  combining  with  water.  Water, 
when  mixed  with  earth  or  aflies,  is  formed  into  a 
veffcl,  which  when  baked  will  bear  the  utmoft 
force  of  the  hottcft  fire  that  art  can  contrive. 
Thus  you  fee  a  body,  wKofe  fluid  and  dilTolving 
qualities  are  fo  obvious,  giving  coniiftence  and 
hardnefs  to  all  the  fubftances  of  the  earth.  In 
this  ftate  nature  often  unites  it  to  bodies,  with 
which  art  has  not  yet  learned  to  make  it  enter  into 
combination. 

Pure  water  will,  indeed,  unite  immediately 
only  with  a  certain  number  of  fubftances ;  but 
after  being  unite*!  with  thefe,  it  becomes  capable 
4)f  diflblving  other  fubftances  in  a  fucceflion,  whofe 
limits  we  cannot  determine,  becaufe  the  further 
"  we  advance  in  the  knowledge  of  fubftances,  the 
greater  reafon  we  have  for  perceiving  our  igno- 
rance of  the  number  which  exift  diftindtly,  and  of 
the  intimate  ingredients  even  of  thofe  that  are 
3  known. 
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known.  IValer  is  th»  bafc  of  all  mcnftrua :  we 
concentrate  them  to  a  certain  point  by  evapora- 
tion ;  but  beyond  this  point  the  liquid  either  pro-< 
ducc;' lathing  but  vapour,  or  eicapes  entirely. 
An.eflential  part  of  Oie  art  oi  chemijiry  confifts  in 
the  compofition  of  menjlrua,  and  in  the  precipita- 
;■  tions  operated  therein:  in  thcfc  procefles  water  it- 
fcif  often  enters  into  new  combinations.  If,  in  his 
operations,  the  chcmift  falls  upon  any  lucrative 
procefs,  of  which  he  himfelf  is  ignorant  of  the 
intimate  caufes,  he  makes  afecret  of  it.  But  how 
nwny  fuch  fecrets  are  to  be  found  among  the  ope- 
rations of  nature?  How  many  that  will  be  con- 
cealed from  us  for  ever,  becaufe  the  primitive  fub- 
ftances  are  arrived  at  a  ftate  that  cannot  be  changed 
by  the  agents  of  the  prefent  operations  in  nature. 

When  water,  by  a  fucccffion  of  diffolutiona, 
contains  different  fubllances,  they  may  be  fuccef- 
fively  precipitated,  in  two  ways,  by  the  diflbl'ution 
qf  new  fubftances,  or  by  the  emiffion  of  cxpanlible  " 
fluids,  fofnc  of  whofe  ingredients  were  united  with 
the  fubftances  in  the  liquid.  Ancient  chemifts 
knew  fcarce  any  thing  of  this  laft  procefs,  nor  of 
the  various  combinations  of  fire  and  light.  It  is 
to  modern  difcoveries  on  thcfe  heads,  that  we  are  in- 
debted for  the  prefent  advancement  of  tbefe  fcien- 
ces ;  but  if  the  chemifl,  in  thefe  purfuits,  nezlei^ 
the  fhidy  of  meteorology  and  geolc^,  both  for 
<fired:irig  his  inveftigationi  of  the  nature  of  ex- 
panfible  fluids,  and  appreciating  his  decifions  on 
the  intr-infic  nature  of  fubflancei,  he  will  run  the 
riflt  ,of  accrediting  errors  by  the  very  fa^  which, 
ihould  have  feparated  him  from  them.,* 

Water  may  be  confidered  as  a  kind  of  general 
c«nMnt.     Thedones  and  falts,  which  are  deprived 

*  Sac  D*  Luc's  Letters,  Axai  le  Jgunul  <k  Phylitiue,  for 
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of  it,  become  pulverulent,  and  fall  away  into  a 
mafs  of  niapelefs  duff.  Water  facilitates  the  coa- 
gulation, re-union,  and  confiftence  of  the  parti-  ' 
cles  of  ftones,  of  falts,  &c.  as  you  alfo  fee  in  the 
operations  performed  with  plafters,  lutes,  mor- 
tar,' &c. 

The  ftock  of  water  afforded  by  the  dried 
bodies  is  furprifing ;  hartfhorn  kept  forty  years, 
and  thereby  become  as  hard  and  dry  as  any  metal, 
fo  that  if  tlruck  againlt  a  flint,  it  would  give 
fparksof  fire;  upon  being  diftiflcd,  ajTorded  one 
eighth  part  of  it's  quantity  of  water. 

For  a  confiderabic  time  water  was  thought 
to  be  a  fluid  earth.  The  earthy  refidue,  left  after 
rfie  diftillation,  trituration,  and  putrifadlion  of  wa- 
ter, gave  credit  to  the  opinion  that  it  was  converti- 
ble into  earth.  Mr.  Lavoificr  has  (hewn,  that  this 
earth  arifcs  from  the  wear  of  the  velTels ;  and  Scheele 
has  proved  the  identity  in  the  nature  of  the  earth 
with  that  of  the  vcflcls  in  which  the  operations 
were  made. 

In  a  fluid  ftate  water  combines  fo  eafily  with 
other  fubflances,  that  it  ia  never  to  be  found  in  a 
pure  ftate ;  the  moft  genuine  is  mixed  with  exha- 
lations, and  diflblutions  of  various  kinds.  Rain- 
water, which  is  a  fluid  of  nature's  own  diftilling," 
and  whkh  has  been  raifed  fo  high  by  evaporation, 
is  ncverthelefs  a  very  mixed  fubftancd,  impregnated 
with  exhalations  of  all  kinds;  falts,  fulphurs,  and 
mctats,  are  combined  with  it.  Mr.  Chaptal,  from 
tfxperitncrtts  made  at  Montpcllier,  found  rain^wa- 
ter  in  ftormy  weather  more  impure  than  that 
which  came  in  gsntle  flwwersj  the  water  which 
falls  firf^,  is  lefs  pure  than  that  which  falls  after 
feverat  hours  or  feveral  days  rain  :  thai  the  water  - 
which  fell  when  the  wind  blew  from  the  fea  to  the 
fouthward,  contained  fea-falt,  while  that  which 
%:as  produced  by  a  northerly  wind  did  not  contain 
■  a  fingle 
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a  lingle  particle.  The  water  caught  pouring  from 
the  tops  of  houfes  is  impregnated  with  the  fmoafc 
of  the  chimnies,  the  vapours  of  the  Hates  and  tile«, 
and  with  fuch  impurities  as  birds  and  animals  have 
depofitcd  there.  It  is  the  fame  with  river-water; 
plants,  minerals,  and  animals,  all  contribute  their 
fliaie  to  add  to  it's  impurities  ;  wherever  the  ftream 
flows,  it  receives  a  lindture  from  it's  channel.  Of 
the  various  river- waters,  thofe  of  the  Indies  and  the 
Thames  are  faid  to  be  the  lighteft  and  mc^fl  whole- 
fomc. 

Waters  in  general  are  fuppofed  to  be  more  pure 
as  they  are  more  foft ;  fnow-water  is  very  foft;  rain- 
water comes  next  to  it ;  fpring-water,  though  the 
cleareft  and.mofl  tempting  of  all  to  look  at,  is  the 
Icaft  pure,  and  of  all  others  the  leaft  fit  for  com- 
mon ufe.  Spring-water  is  pure,  or  polluted,  in 
proportion  as  the  earth  through  which  it  ftreams  i% 
more  or  lefs  impregnated  with  fulphur,  falt.c,  arfenic, 
minerals,  &c.  Thofe  that  are  (trained  through  a 
ftndy  foil,  free  from  faline  or  metallic  fubftances, 
are  thepureft.  The  eye  is  no  adequate  judge  on  this 
fKcafion.  Ic  will  indeed  teach  you  not  to  drink  or 
ufe  foul  or  dirty  water,  but  it  will  leave  you  in  the 
dark  as  to  thofe  contents  of  the  water  which  may 
be  fufpended  in  it  imperceptibly.  Tranfparency 
is  certainly  a  very  agreeable  quality  in  water,  but 
cannot  be  relied  on  as  a  proof  of  falubrity,  for 
iea-water  is  as  tranlparent  as  that  which  is  frefli. 
The  water  of  Magnate  lakes  and  pools  is  in 
general  very  impure,  and  may  be  confidered  as  a 
jelly  of  floating  infcits,  the  whole  teeming  with 
Jhapelefs  life,  growing  more  fruitful  by  increadng 
putrifadtion,  iorming  a  mafs  of  corruption,  dif' 
jjleafing  to  chefenfc  and  injurious  to  the  health. 

The  atmofphere  itfelf  may  be  looked  upon  noc 
,^nily  as  the  general  receptacle  of  all  aqueous  va^ 
pours,  but  Jucewife  of  all  mineral  <xlialacions  oif 
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the  fleams  which  are  conlbintly  ariiinj;  from  the 
perfpifation  of  whatever  enjoys  animal  or  vege- 
ubk  Hfe,  and  from  the  inftantaneous  putrcfcence 
of  thofe  fubftances  when  deprived  of  life  ;  of  the  . 
fmalter  feeds  of  terreftrial  and  aquatic  plants,  of 
the  eggs  of  an  infinite  fp^cies  of  imperceptible 
animalcuteSj  of  the  acids  and  oils  feparated  by 
combuftipn  from  all  forts  of  fuel,  of  the  matter  of 
light,  of  eleflric  effluvia,  and  a  variety  of  other 
fubftances.  From  thefe  fourccs  are  derived  many  of 
the  impurities  which  have  been  difcovercd  in  all 
axmofpherical  water,  which  mud  vary  according  to 
the  nature  of  the  fubftances,  the  climate,  the  feafon 
of  the  year,  the  dire(5tion  of  the  winds,  and  many 
other  unknown  caufes. 

After  all,  we  muft  be  contented  with  but  an 
impure  mixture  for  our  beverage,  and  yet  evei* 
this  may  often  be  more  ferviceable  to  our  healths 
than  thofe  deemed  purer.  Experience  alone  muft 
determine  it's  ufeful  and  noxious  qualities ;  fuch 
water  is  in.  general  to  be  preferred  that  fits  light 
upon  the  ftomach,  that  is  of  a  freJh,  lively,  agree- 
able taftc.  that  boils  readily,  and  bolls  garden  ftuif, 
and  particularly  peas  and  pulfc  quickcft,  and  which 
mixes  perfcdly  and  readily  with  foap  without 
curdling. 

Water  is  purified  by  diftillation.  As  it  is  ot 
importance  on  many  occafions  to  have  very  pure 
water,  it  will  be  neceflary  to  point  out  to  you  the 
means  by  which  it  may  be  thus  purified.  The 
operation  is  performed  in  a  veffel  called  an  alem* 
bic :  the  alembic  confifts  of  two  pieces,  a  boiler 
or  cucurbit,  and  a  covering  called  a  capital  or 
head. 

The  water  is  {Hit  into  the  cucurbit,  from 
which  it  is  raifcd  in  vapour  by  means  of  fire,  and 
thefe  vapours  are  condenfed  by  cooling  the  head 
^ith  cold  water.   The  vapours  thus  condenfed  Row  ■ 
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into  a  veiTcl  defigned  to  receive  them.  This  is 
called  diflilled  water  i  and  is  purified  fo  far  as  it 
.leaves  behind  it  in  the  cucurbit  the. falls  and  other 
fixed  principles  which  alter  it's  purity.  The  diftil-r 
lation  ia  more  fpeedy  and  quick  in  proportion  as 
the  preflure  of  the  air  is  lefs  upon  the  furface  of 
the  ftagnsnt  fluid. 

A  true  diftillation  is  carried  on  every  where 
at  the  fur^e  of  our  globe.  The  heat  of  the  fun 
raifes  water  in  the  form  of  vapours,  thefe  remain 
a  certain  time  in  the  atmofphere,  and  afterwards 
fall  in  the  form  of  dew  by  fimple  refrigeration. 
This  rife  and  foil  of  water  wafhes  and  purges  th? 
atmofphere  of  all  thofe  particles,  which  by  their 
corruption  or  devclopemenC  might  render  ic  in- 
fei^ious.  It  is  perhaps  this  combination  of  water 
with  various  miafmau,  which  renders  the  evcnttjg 
dew  unwholcfomc. 

Or  TffB.QRI«IK  OP  SpRIHGS  AND  RiVERS. 

The  quantity  of  water  raifed  in  vapour  from 
the  ocean,  has  rather  extravagantly  been  thought  by  - 
fome  to  be  equal  to  chat  which  is  poured  into  the 
ocean  by  all  the  rivers  upon  earth ;  and  they  there- 
fore fuppole,  that  what  the  >fea  gets  by  the  rivers, 
it  lofes  by  evaporation,  and  that  thus  a  mutual 
and  equable  interchange  is  preferved ;  that  all  the 
rivers  are  fuppdied  with  water  by  the  vapours  that 
are  raifed  from  the  fea,  carried  thence  by  (he  wind. 
condenfed  againft  the  iides  of  mountains,  wher« 
trickling  down  through  the  crannies  of  the  rocks. 
they  enter  the  hoUow  places  thereof,  and  form 
colledions  of  water,  from  whence  they  iffue  out 
9.1  the  firll  orifice  they  can  find,  and  by  this  means 
ponftitute  fpriogs  and  rivers. 

There  is  another  theory  to  account  for  fprings 

fjid  rivers,  which  Kfcrs  this  caufe  to  a  great  abyfs 
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4rf  waters,  occupying  the  central  parts  of'onr  gl^c 
It  aflcits,  that  all  the  phenomena  of  fprings  ore 
ctuefly  derived  from  the  vapours,  veins,  and  iflues 
of  this  great  abyfa,  into  which  they  are  alt  re- 
turned ;  and  that  a  perpetual  circulation  and  cqu>« 
lity  is  kept  up,  the  fprings  never  failing,  and  tfae 
fca  by  reafon  of  it's  communication  wick  the  fub- 
terranean  waters  never  overflowing. 

From  die  earlieft  ages  thefe  phenomena  have 
engaged  chc  attention  of  every  inquifitive  mind. 
•*  The  fiin  arifcth,"  lays.  S<^omon,  "and  the  fun  go- 
c^  down,  and  pants  for  the  ptace  from  whence  he 
arofe.  All  things  are  filled  u-ich  kdidur,  and  man 
cannot  utter  it.  AH  riven  run  into  the  fca,  yet 
the  fca  is  not  fall.  Unto  the  place  wlwnce  the 
n>v«r3  come,  thither  they  return  again.  The  eye  is 
AOC  fatisfied  with  feeing,  nor  the  ear  widi  hearing." 
At  fo  early  a  period  was  curiofity  employed  in  ob.* 
ferVing  thefe  great  circulations  of  nature.  The 
inquiry  whence  rivers  are  pioducec^  whence  they 
derive  thofe  uncealing  flows  of  water,  which  are 
continually  enriching  the  world  with  fiertility  and 
verdure,  has  been  varioully  confiderod,  and  divided 
^e  opinions  of  mankind.*  But  as  the  two  above* 
mentioned  theories  are  thc^e  which  generally  pre- 
muJ,  and  to  which  moft  others  may  be  reduced* 
Ire  Hull  only  examine  their  merits. 

"  It  feems  slmoft  unkind  to  difench«nt  the 
beauties  of  the  profpe^l,  which  the  firft  of  the  two- 
foregoii^  theories  prefents  to  ouir  minds.  A.  ro<« 
idantic  imagination  can  form  nothing  more  ftriking 
than  this  uncealing  rotation  of  waters;  clou^  arifing 
from  the  ocean,  travelling  till  they  dafii  againft  the 
Sops  of  the  hi^eft  monntiins,  then  dcfcemiio^ 
feebly  in  little  ftreams  down  their  ifides,  entering 
the  fubterranean  caverns  of  the  earthy  burftii^ 

forth 

*  Coldfiitith'i  Hill,  of  the  £anb,  voL  u  p.  134.. 
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forth  into  fprlngs.  and  at  laft  ^ITcmbling  into  ri- 
vers, which  c-arry  the  united  torreijt  again  to  it's 
parent  ocean."  This  is  anjuling  fpeculation,  but 
alas  1  it  ia  but  ipeculation,  and  is  fv  prelTed  with 
difficulties,  that  a  more  perfei^  theory  is  highly 
defirable.  ^ 

Calculation  has  been  prelTcd  to  favour  this 
fyflem,  and  fo-great  a  quantity  of  evaporated  water 
contrived  to  fupport  it,  that  if  it  fell,  would  drown 
inftead  of  refrcQiing  our  earth. 

Tha£  the  rain  and  vapour  which  fall  upon  the 
earth  are  inadequate  to  the  folution  of  the  pheno- 
mena, and  cannot  poilibly  account  for  the  origin 
of  fpringa  and  rivers,  will  be  made  evident  to  you 
from  a  variety  of  coniiderations.  Monf.  Gualtieri, 
by  comparing  the  rivets  of  a  country  \fith  the  raim 
that  fall  upon  it,  has  {hewn  that  after  making 
jnore  allowances  than  are  reafonable  in  favour  of 
the  evaporating  hypothelis,  they  exceed  the  nin 
in  quantity  :  he  has  alfo  fliewn,  that  it  it  utterly 
.  impoflible  for  the  rain-water  to  Leep  up  the  conti- 
nual courfe  of  rivers  and  fprings.  The  waters  dif- 
chai^ed  by  the  rivers  of  Italy  mcx>  the  fea,  are  to 
the  rain  which  falls  upon  the  Isik),  as  55  to  37>  Uiat 
is,  more  than  twice  the  quantity. 

The  earth  is  coniUntly  moiflened  to  a  greAcv 
depth  than  the  rain  of  the  year  will  account  for. 
Mr.  De  la  Hire  brought  this  hypothefii  to  the  teil 
of  experiment,  by  examining  the  tnoft  eflentiat 
article  thereof,  namely,  the  depth  that  rain  and 
jTnow-witfer  did  really  dcfcend  into  the  earth.  To 
know  this,  he  dug  a  hole  in  the  lower  terraceof  the 
obfervatory  at  Paris,  and  placed  therein,  eight  feet 
underground,  a  large  leaden  .bafon,  a  little  inclioed 
towarda  one  of  it's  angles,  to  which  was  jbldered 
a  p^K  13  feet  long,  which,  after  a  cq|i£detable  d&- 
(atm,  reached  into  an  adjoining  cellar.  After  hav- 
ing covered  the  head  of  the  jiipe  with  feveral  flint* 
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of  different  fizcs,  to  prevent  the  orifice  from  ben?g  ' 
ftoppcd,  be  threw  in  a  quantity  of  earth  to  the 

.depth  of  eight  feet;  thc-eatth  uas  of  a  nature  be- 
tween fand  and  loam,  and  thus  cality  permeable  by 
vzttr.  He  judged^  that  if  jainorfnow-'waterpcne"- 
trated  the  caith  to  the  depth  that  fome  fprings  are 
found  ar,  (which  in  diirging  u  ctbt  and  mines  are 
difcovcred  to  be  at  all  depths  from  8  to  800  feet,) 

.*r  till  they  meet  with  the  firft  clayey  or  compaft 
flratum  to  Hop  them ;  that  if  this  were  the  cafe 
there  would  foon  be  a  fprtng  burfling  forth  through 

■  ihe  leaden  pipe  into  the  cellar.     But  on  the  con- 

-traryj  after  having  kept  the  bafon  in  this  lituation 
for  no  Icfs  thzn  Ji/'ieen  years ,  and  the  ground  all  the 
whrie  expofcd  openly  to  alt  the  rains,  fnow,  or  va- 
pours that  might  fall,  yet  he  could  not  obferve 
shat  a  fingle  drop  of  water  had  ever  pafied  through 
tbe  leaden  pipe  into  the  cellar. 

At  the  fame  time  that  Mr.  Dc  la  Hire  com- 
menced the  above  defcribed  experiment,  he  placed 
another  bafon  about  eight  inches  underground,  and 
chofe  a  place  where  the  rain  and  vapours  might  fall, 
and  yet  the  ground  be  fcreencd  from  the  heat  of  the 

-fun  and  the  ad:ion  of  the  wind;  taking  care  to  pull 
up  the  grafs  and  herbs  that  grew  over  the  baJTon^ 
4^at  all  the  water  which  ftiould  fall  oathe  ground 
might  pafs  uninterrupted  to  the  bottom  of  the  bafon. 
wherein  there  was  a  little  hole  with  a  tube  to  con- 
vey the  watrf-  to  another  vclTcI.  In  eight  months, 
that  is,  from  the  1 2th  of  June  to  the  1 9th  of  Febru- 
ary following,  tjo  water  came  by  the  tube,  and 
though  it  liegafi  to  run  on  the  1 9th  of  February, 

-this  was  entirely  owing  to  the  great  quantity  of 
fnow  which  had  fallen,  and  was  then  melting.'  From 
that  time  the  earth  in  the  bafon  was  always  very 
moift,  though  the  water  would  only  run  a  few 
hours  after  raining,  and  it  ceafed  running  when  the 
quantity  falling  was  drained  otf. 

A  year 
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A  year  after  he  repeated  the  fame  experiment, 
htit  buried  the  balbn  Jixteen  inches  under  ground-,. 
'  taking  care  that  there  was  no  grafs  on  the  ground,  - 
*nd  that  it  might  be  fcrecned  from  the  fun  and 
wind;  the  cfFedt  was  much  the  fame  ds  before,  ex-- 
cepting  that  when  a-  confiderabie  time  palTed  with- 
out rainiiag,  the  earth  would  grow  a  litrie  dr}',  fo; 
that  a  moderate  rain  coming  on  it  would  not 
moiflen  it  fufficicittiy  to  make  i-t  run. 

The  confumption  of  moifturc  by  vcgetablev 
and  the  fruits,  is  much  greater  than  has  been  com- 
nUMjJy  fuppofcd,  or  gcncraHy  allowai  for;  fo  great, 
.  that  a'li  uie  rain  that  falls  is  not  fulTicient  to  fup- 
ply  them  with  the  quantity  equal  to  what  their 
.^vwth  demands.  Mr.  de  la  Hire  planted  herbs  oh 
«he  groumd  over  the  bafon  mentioned^  in  the  laft 
«xperimeot,  and  found  that  when  tbefe  were  grown 
\ip  a  little,  the  ground  was  fo  far  from  fending  any 
water  a&er  rain,  that  all  that  fell  was  not  fufficient  ■ 
tojujiain  them,  but  that  they  would  droop  and  wi-' 
ther  u(fclefii«fpriBWed  from  time  to  timewith  water. 
Dr.  Hales  found,  that  a  plaot  in  2ii  days  drew  off* 
ajl  the  water  of  the  earth  «n  which  it  grew,  f»  that 
without  a  /arther  fupply  fram  beneath  it  would 
perifh  after  that  period;  aad  yet  be  has  made  na 
allowance  for  what  the  earth  in  queftion  perfpired 
at  the  fame  time  in  vapour.  Thefe  confiderationf. 
which  might  be  fupported  by  many  more,  abun- 
dantly prove,  not  only  that  rain-water  fcarcely  pe- 
netrates fo  far  as  two  feet,  but  that  tlic  quantity 
which  falls  is  not  fufficient  to  furnifli  what  is  rc- 
quifite  for  ihc  growth  xd  vcgetaWes ;  fo  that  we 
muft  call  in  feme  foreign affiftance  for  their  fupport. 

There  are  fprings,  and  ihofc  common  cveay 
where,  fo  equal  and  conftant  in  yielding  their  water 
At  all  feafons,  and  which  arc  neither  afFe(!lcd  by 
Jiiins  nor  droughts,  that  we  cannot  fuppofc  them  to 
fee  dependent  on  thefe  for  caufet  The  Reverend 
C  3  Mr. 
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Mr.  Derham*  dcfcribes  one  fuch  under  his  own 
infpeiftion,  which  wu  by  no  means  confiftent  with 
the  hypotheiis  of  rain  and  vspour. 

There  are  fprings  alfo  too  near  the  fummita  of. 
the  hiffhcft  groundft  in  the  country  to  derive  them- 
felvei  oy  decent  from  the  water  which  falls  on  the 
/orface  of  the  ground,  there  being  no  decliviCf 
adequate.^  the  purpofe. 

The  evaporation  from  the  fea  being  am- 
dctofed  by  high  mountainc^  and  foaked  in  there,  is 
hy  no  means  fufficient  for  the  produdion  of  fprings 
and  rivers  j  f  for  whatever  effect  this  vapour  may 
fccm  to  have  in  fouthcrn  climates,  and  m  iflands 
placed  in  the  middle  of  the  ocean,  it  cannot  fairly 
be  applied  to  the  fprings  of  inland  couniries  and 
northern  climates.  Nor  have  the  advocates  tbr  this 
-hypotheiis  confidercd,  that  where  the  evmpotation 
of  the  day  is  fo  copitnis,  the  dem  of  the  nighc 
which  fall  again  on  the  fame  furface  (fea  or  land) 
are  nearly  in  the  fame  proportion;  fo  that  much 
lefs  has  been  gained  in  this  way  than  has  been  ge- 
nerally fuppofed.  Dr.  Derham  Ihews  alfo,  that 
fprings  occur  in  great  plenty,  and  are  c<Hiftant  in 
dieir  courfe,  even  in  times  of  the  greateft  drought, 
where  the  country  is  in  general  very  low,  and  there 
are  no  mounuin  tops  to  condeafe  the  vapours. 

The  v^wurs  and  rain  fall  alfo  upon  the  fea  as 
well  as  upon  the  larkd ;  and  the  furface  of  the  ocean 
is  coniidered  to  be  as  lai^  again  as  that  of  the  dry 
land:  fo  that  we  may  juftly  fuppofe,  that  two  thirda 
6f  whatever  is  raifed  in  vapours  returns  from 
whence  it  came  without  falling  upon  the  dry  land. 

No  one  will  deny  that  rain  and  melted  fnow 
will  produce  many  temporary  fprtngSx  and  increafe 

the 

•  Philof.  Tranf.  No.  B89,  and  315. 

+  Memoirs  of  Literaiure,  Aug.  >7*S;    Jonei's  PfiyGoIo^icit 
Cif^ifiiioDi,  f.  499.    Catcott  on  the  Bcluge,  p.  1 7^. 
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ifi^  diTchftige  of  riverst  but  this  is  a  partial  confi- 
deration,  and  by  no  mcAns  adequate  to  chat  com- 
ftant  {uppiy,  and  to  that  vafl  quantity  of  wuers 
which  are  to  be  iccouated  for»  and  which  )irc  coa- 
fyaAly  in  adticm. 

1  fluU,  therefcffc,  a»w  confidcr  the  fubteira- 
mowu  Aore.*  and  the  vapours  <hat  arife  from  them. 
And  here  it  is  a  well  knowa  fmSc^  £har  we  never 
fail  to  find  wmer  whe*  we  penetrate  deep  enough 
into  the  bowels  of  the  eatthj  and  the  deeper  we 
m,  •the  waters  occur  in  greater  ^Aeaty.  This 
lOoea  sot  look  as  if  their  ftores  depended  upon  any 
ju:cjdcnt  at  .the  furface,  for  then  they  wouU  racho* 
lie  diflfiiaifhed  and  fail  us  when  we  work  lower,  their 
iii|M>lics  being  extended  according  to  this  account 
in  tfvaiff  and  aven  i^ion  the  furuce :  but  the  con- 
trary ii  alwajra  the  cafe;  therefore  the  fources  are 
not  abovCf  but  below.  This  conclufion  fecmi  too 
obvioua  to  be  avoided.  In  liakii^  mines  it  it 
very  cotntnon  to  break  in  upon  veias,  and  fomc- 
times  large  and  poweiful  courfes  of  water  in  incre. 
diblc  quaatities,  which  cither  overflow  the  work^ 
«r  require  continuid  affiftancc  to  drain  them. 

When  the  eaith  is  cut  through,  it  yidds  water, 
4u  naturaily  as  the  body,  which  abounds  witii  veffels* 
yield^B  blood  when  it  is  wounded.  The  deeper  the 
woUttd  the  greater  is  the  effiifion  of  blood,  becaufe 
the  langeft  channels  lie  deep,  and  the  largeA  of  all 
which  Seed  the  reft,  are  placed  in  the  central  parts 
<^  the  body.  Thus  it  ijs  with  the  body  of  the 
earth,  the  cfiufions  of  water  obfervaMe  near  the 
furface  hare  their  fiif^ly  from  refervoirs  which  lie 
.  deqper,  and  they  in  their  turns  are  fed  by  larger 
and  deeper,  till  we  come  to  the  grand  repolitory 
C+  of 

*  Tbofe  wlio  with  to  fee  Ilronf  evidnm  in  favour  of  che(« 
itibiemneouc  (lores,  (hould  conliili  CiiicBit  oo  Uie  Dtlnf/t,  u»A 
JotM/a  Difquifitioni,p.|cs. 
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of  all,  which  keeps  up  a  general  communication 
between  the  waters  of  the  land  and  thofe  of  thci  fea. 
Thofe  who  have  been  eye-witheffes  of  what 
pafles  within  the  earth,  have  been  generally  of 
opinion,  that  fteam  and  vapour  is  in  continual 
aftio^  there,  though  more  at  focne  times  than 
at  others  i  that  there  is  frequently  a  vei*y  fenliblA 
warmth  at  the  greatefl:  depths,  and  many  tokens  of 
moifture  ariting' upwards  frMli  the  lower  parts, 
Scheuchterj  who  was  very  converfant  in  theft  rc-^ 
fearches)  fays,  "  firmitcr  perfuafus  fum,  copio-. 
fiflimus  ex  imis  mentis  vifcetibus  ad  cacunten  fub- 
levari  caloris  fubterranei  ope  vaporcs  itqueos.'* 
Now  as  the  waters  of  the  fea  are  fait,  while  the 
fpring  waters  of  the  land  fti-e  frefti,  and  confc- 
quently  lighter,  a  column  of  fea  water  will  be  a 
tounterpoife  to  an  higher  column  of  frefh  water- 
If  therefore  the  waters  of  deep  feas  have  any  com- 
munication with  the  land,  and  their  weight  has 
due  sffcfjtj  watei'  may  rife  to  any  required  height 
upon'  ftatical  principles^  either  by  running  chan- 
nels, or  by  fap  and  percolation  j  for  water  under- 
neath a  ttiafs  of  dry  fand  will  be  foaked  upwards  to 
it's  furface.  •  Sir  Ifaac  Newton  tried  this  experi- 
ment on  a  tube  filled  with  dry  aihes,  and  found  th« 
y/iKt  afcend  through  them  with  eafc.  In  the 
rocky  caverns  of  mountains  much  may  be  effet^ed 
by  the  flow  afcent  of  fteam,  which  will  be  con- 
denfed  as  it  comes  near  tu  the  air,  and  diftil  down- 
wards through  thofe  cracks  and '  chaf^is  where  it 
finds  an  outlet. 

When  we  dig  for  fprings  in  fmiill  iOands,  and 
lands  lying  near  the  fea  coatts,  it  is  common  to 
find  veins  of  brackifti  water;  thefe  are  certainly 
derived  frofn  the  fea.    The  water  that  is  more  re- 

mote, 

,   •  Since  lliis  work  wenl  to  the  preft,  a  machine  has  bee^ 
pubii(hcd  for  puiilyinj;  wnter  by  alccnL     The  conlnvan$!t49 
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niote,  and  at  a  greater  elevation  from  the  fca,  be- 
comes frefh  by  degrees;  therefore  it  fwectens  in  it> 
ppogrefs  by  percolation.  Here  the  procefs  is  pal- 
pable; But  the  earth  being  full  of  open  veins  and 
fiffiira,  and  llrata  of  loofe  and  permeable  matter,-- 
muft  have  a  communication  with  the  fea  to  great 
diftanccB;  and  where  the  diftance  is  fo  great  that 
the  httenl  fupply  cannot  take  place,  thofe  deeper 
communicationa>  of  which  there  are  fo  many  evi. 
denceB,  will  never  fail  us ;  and  where  percolation 
cannot  reach,  the  fubtcrraneoui  vapours,  which  are 
always  circulating,  muft  have  their  etfedt. 

In  fhort,  wherever  you  dig  beneath  the  furface 
of  the  earth,  except  in  very  few  inftances,  water  a 
to  be  found,  and  it  is  probable  that  by  this  fub- 
tenanemii  water  fprings  and  rivers,  nay  a  great  part 
«f  vegecatioi}  itfelf,  are  fupported.  It  is  this  fub- 
terraneous  watcf  raifed  into  fleam  by  the  internal 
heat  of  the  earth  that  feeds  plants.  It  is  this  fub- 
{terraneous  water  that  diftills  through  it's  inter- 
ftices,  and  there  cooling,  forms  fountains.  It  is  this 
that  by  the  addition  of  rains  is  increafed  into  ri- 
.  vers,  and  pours  plenty  over  the  whole  earth. 

This  reafonit^  may  be  illufh^ted  by  a  plcaf- 
ing  apparatus,  whKh  is  fold  in  our  Arcets  by  the 
itinerant  Italians.  The  tube  is  about  three  feet  high, 
and  is  fixed  to  a  board,  the  tube  near  the  top  is 
globular,  and  will  hold  a  large  quantity  of  water. 
from  whence  it  is  continued  of  a  lefs  fize  to  the 
bottom,  where  it  is  curved  upwards,  and  annexed 
%o  another  globe,  from  whence  proceeds  upwards 
another  fmaUer  tube,  bent  in  an  irregular  mean- 
-Bering' manner  to  the  top,  where  it  is  curved  as  you 
fee  downwards,  and  is  joined  to  the  upper  globe. 
In  the  infide  of  the  lower  globe,  one  part  of  ih€ 
tube  is  fo  contradted  as  to  form  a  fit  pafTage  for  a 
fpring,  or  jet  d'eau,  to  arifc  from  it.  I  pour  co- 
ylpured  water  into  (he  ti^be  by  means  of  this  aper- 

ture» 
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Ture,  leaing  h  r^cho^ia  till  it  has  filled  the  u|»* 
per  globe ;  the  air  in  xhe  lewer  globe  will  be  coo- 
dcfiKd  hy  the  prcfTure  of  the  witer  endeavouring 
to  rife  to  it's  leud,  the  i>ca«Sion  and  Tpring  of  the 
4ir  will  impel  die  vater  you  Ice  opwards  through 
the  fmdl  tube  and  all  it'*  mcandcn,  and  amkt  ic 
ftU  into  die  upper  ^obc.  and  thus  caufc  a  coofttnt 
circulation  at  long  asany  -wacerremainiin  ibe-uf^Mr 
globe.  Now  if  you  fuppofe  the  ui^>cr  globe  to 
reprefent  the  fea,  [he  lower  gfobe  to  reprefeat  the 
abyfc,  and  the  jet  d'eau  to  be  a  fpring  breaking 
out  therefrom  into  the  hollow  parts  of  the  earth, 
and  from  thcace  coatinued  through  fmall  wiading 
filTuresto  the  furface,  and  from  the  chaimdfl  of  the 
nver'into  the  Tea  again,  the  one  oiay  be  atiowod 
to  be  a  proper  reprefcntation  of  the  other,  and 
an  experimental  illdlbration  of  the  polfibility  of 
fuch  a  circulation. 

Of  tks  Saltvem  or  the  Sba. 

No  (boner  have  we  endeavoured  to  difcufa  oaa 
qucftion,  than  another  prcfcnis  itfeif  for  our  con* 
uderatton,  one  for  which  philofophy  has  not  yet 
found  a  fatisfa&ory  folution.  To  difcover  the  pri* 
mary  caufe  of  that  peculiar  bitterilh  faltnefa  which 
charaAerizes  fea. water,  has  excrcifcd  the  natural- 
ifts  of  all  ages ;  and  Father  Kirchcr  long  ftnce  ob- 
fcrved,  that  the  flu&uations  of  the  ocean  were 
fcarccly  more  various  than  the  opinions  of  men 
concerning  it's  liiline  impregnation.  Dr.  Hallcy,* 
who  often  endeavoured  by  weak  fpeculations  to 
leflen  the  authority  of  the  Bible,  thought  he  had 
hit  upon  a  principle,  which  would  difcover  the 
caufe  of  the  feltnefs  of  the  fea,  and  carry  us  back 
alim^  with  demonftration  to  the  true  date  of  the 
creation. 

•  Phil.  Tiwr.  No.  344.    WiiTon'i  Cheuiftry,  vol.  i).  p.  g$. 
Jean's  Difquifilioo^  ;.  51I. 
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CKttipn.  ~  He  laid  it  down  u  a  principle,  dut  the 
water  of  thfc  fea  derives  all  it's  faltnefs  from  the 
land,  that  a  fmall  pcHtion  of  fait  is  continually 
waflied  down  fnom  the  land  bf  nvers,  and  carried 
into  tlie  feij  which  has  gradually  acquired  it's 
^efent  quantity  of  Cdt  from  the  long  continued 
urflux  of  rivers.  The  water  which  is  thus  carrieif 
into  the  fca  by  the  rivers,  is  again  feparated  from 
k  by  evaporation,  nothing  but  frdh  water  ri(e* 
from  the  lea  in  vapours,  the  faltnels  remains  be- 
tUnd.  The  fait  thus  carried  into  the  fea  muft 
for  ever  remain  there,  it  muft  therefore  be  a  per- 
petudly  increaling  qu»itity,  and  the-  fea  muft  every 
year  become  more,  and  more  fait.  If  therefore, 
&y8  the  dttStor,  the  increment  of  fait  could  be 
found  for  any  given  term  of  years  or  ages,  we  Ihould 
then  be  able  to  work  backwards  by  the  rule  of  pro-' 
porti<Hi,  and  difcover  the  time  when  the  fea  firft 
began  to  grow  fait ;  that  isj  when  the  world  began 
to  exift.  It  is  rather  mortifyit^  for  infidelity,  mat 
the  problem  requires  ages  for  it's  folution.  The 
idea  of  falting  the  fca  with  frefb  water.-^is  aUb  ra- 
ther uncommon,  but  worthy  of  a  fceptical  philo- 
fopher.  The  reafoning  is  defeAive  in  many  points. 
For  allowing  that  the  Tea  evaporates  into  frefh  wa-  ■ 
ter,  and  that  thus  the  fait  It  contains  is  left  behind^ 
yet  we  are  ftill  no  nearer  than  before>  unlefs  while 
the  fba  is  iofjng  frefh  water  by  evaporation,  you 
could  flop  all  the  rivers,  fo  that  no  frefh  water 
might  be  added  in  liie  mean  time.  For  Dr.  Hal. 
Jey  maintained^  as  you  &w  before,  that  as  much 
frefh  water  ia  carried  to  the  fca  by  the  rivers  as  it 
jofes  by  evaporation,  {hat  the  rivers  therefore  will 
idl  be  running  on,  and  bringing  in  frefh  water, 
while  the  vapour  is  rifti^  from  the  furbce  {  thus 
you  fae  when  thii^  ar«  (on^ared  together,  the  ar- 
gmnent  will,  end  in  a  cypl^. 

'  The  poftUlatumj  on  Which  the  aigument  U 
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built,  is  itfetf  erroMcous  at  it  fuppofeB  the  water 

of  the  ocean  was  frefh  at  the  beginning  -of  Fhe 
world ;  and  the  whole  inquiry  feenu  to  be  after  the 
caufe  of  a  phenonienon  whif  h  has  probably  no  fe- 
condary  caufe  at  all.*  The  fuppofitioa  t^ot  the 
water  of  the  ocean  was  originally  ffcfti,  is  an  opi^ 
•ion  concerning  a  matter  of  fad,  which  can  never 
be  proved  either  way;  and  it  ii  furely  extending 
fpecutation  too  far,  when  we  attempt  to  explain  a 
phenomenon  coeval  with  the  formation  of  the  earth. 
The  faiinefe  of  the  fea  is  as  necefTar/to  the  confti- 
tution  of  that  element,  and  to  the  well-being  of 
the  terraqueous  globe,-  as  the  rednefs  of  the  blood 
is  necelTary  to  the  improvement  of  the  (enim  In  the 
snimal  fyftem.  The  fea  is  no  more  fait  by  chance, 
than  the  blood  is  red  by  chance.  It  is  a  wife  pro- 
vifioh  of  the  Creator,  that  the  immenfe  body  of 
water  which  occupies  more  than  two  thirds  of  the 
globe  fhould  be  thus  falted  wid  feafoned  for  ijc's  own 
prefervation,  and  for  the  falubrity  of  the  au^ofpherei 
on  which  account  the  <ocean  is  Talker  iunder  the 
torrid  zoD^  -where  the  heats  are  o>ore  produiflive 
of  putrifadion,  and  fhe  faltnefs  decreafes  as  we 
approach  the  pole,  all  indicating  defign,  and  if  it 
be  true  that  the  agitation  and  ventilation  of  the  fea* 
isVot  fufficient  in  vafi  trade  ^nd  deep  vaters  to 
keep  it  fweet  without  a  due  proportion  of  fait,  Dr, 
Halley's  fcheme  would  have  poifoncd  the  -world. 

The  degree  of  faUnefs  in  the  lea  varies  in  the 
fame  place  at  di&erentieaibn&,  fometinves  at  dif> 
fcrent  deaths. 

Dr.  Watfon  informs  us,,  that  fropi  fome  ex.... 
periments  made  in  a  voyage  from  England  to 
Bombay,  in  the  Eaft  Indies,  that  the  weight  of  fea- 
waterwas  the  greateft,  notprecifclyat  the  equator, 
but  where  the  fun  was  vertical,  and  where  in  fimi- 
lar  circumftances  the  hpat  was  greateft ;  and  that 

.  the 
^  j$^  Wat(pD:s  Chcmiftty.    Jonc'i  rbjrAoiogical  Dir^uiliuoi^- 
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the  weights  of  equal  bulks  of  Thames- water,  of  fea,. 
water  at  Teneriffe,  and  at  St.  Jago,  were  $59, 
6731.  780^  grains,  the  proportion  of  which  nunot- 
ber  may  be  expreffcd  tlius ;  Thames  water  looci 
Teneriffefea-water  1022,  St.  Jago  fea- water  ii84i 
In' general,  fea-water  poffeffes  about  -^  or  iV  of  it's 
weight  in  fait.  He  alfo  mentions  the  followhw 
fimple  method  for  eftinuting  the  quantity  of  iaK 
in  Ica-watcrj  a  method  fo  fimple  that  every  com- 
mon failor  may  underltand  ana  pra&iCe  it.  TCsikie 
a  clean  towel,  or  any  other  clean  cloth,  dry  it  well 
in  the  fun  or  before  a  fire,  then  weigh  it  accurately, 
and  note  down  it's  weight,  dip  it  in  fea->watcr, 
and  when  taken  out  wring  it  a  little  till  it  will  not 
drip!  weigh  it  in  this  wet  ftate,  then  dry  it;  and 
when  it  Is  perfeilly  dried,  weigh  it  ^ain ;  the  ex- 
cefs  of  the  weight  of  the  wetted  cloth  above  it'a 
original  weight  is  the  weight  of  the  foa-water 
imbihedhy  the  cloth ;  and  the  excefs  of  the  weigl« 
of  the  cloth  after  being  dried  above  it's  original  , 
■weight  is  the  weight  of  the  fait  retained  by  the 
clotn;  and  by  comparing  this  weight  with  the 
weight  of  fca-water  imbibed  by  the  cloth,  you  ob- 
tain the  proportion  of  fait  water  contained  in  that 
fpecies  of  fea-watcr. 

Congealed  fea-water  will,  when  thawed,  yield 
frelli  water.  To  prove  this,  fome  fea-water  wai 
taken  up  off  the  North  Foreland ;  it  was  expofed 
to  a  freezing  atmofphere,  and  it  aiTordcd  an  ice. 
perfefily  free  from  any  tafte  of  fait.  The  fpecific 
.gravity  of  the  water  produced  from  the  melting  of 
the  ice  was  fomewhat  greater  than  that  of  diftilled 
rain-water,  and  fomewhat  lefs  than  a  mixture  xf 
rain  and  fm>w-water  taken  out  of  a  water-tulx 
The  degree  of  cold  at  which  the  fea-water  frost 
was  28X  of  Fahrenheit's  thermometer,  orjxlowet' 
than  that  in  which  common  water  freezes.  Thia 
diflvrence  will  vtr^  according  to  the  qtandty  of 
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Jkit  conuined  in  the  water.  The  fntiing  of  (tA» 
water  was  formerly  pradifed,  and  is  probably  ftill 
fa  in  the  northern  parts  of  Europe,  vith  a  view  to 
Icflen  the  npence  and  trouble  of  extra&ing  ^t 
ifom  fea- water. 

A  variety  of  attempts  have  been  made  in  our 
own  and  other  countries  to  procure  freih  from  Tea- 
vater:  the  meant  ufed  for  this  purpofe  is  diftiUa- 
Cion,  and  the  moft  approved  methods  are  thofe  of 
Dr.  Irving*  and  Mr.  Foiflbnier.  To  give  you  an 
idea  of  this  method,  fuppofe  a  tea-kettle  to  be 
jnade  without  a  fpout,  and  with  a  hole  in  the  lid 
.in  the  place  of  the  knob ;  then  the  kettle  being 
filled  with  fet^water,  the  frcfb  ^^pour  which  arifes 
iimm  thefca^wBterasit  boils,  will  iflbe  out  through 
At  hole  in  the  lid  i  into  that  hole  fit  the  mouth  of 
fi  t<dMccO'.pipe,  letting  the  ftem^hitve  a  little  incli- 
nation downwards ;  then  will  the  vapour  of  frefh 
water  take  it's  courfe  through  the  fton  of  the  tube, 
And  may  be  coUe&al  by  fitting  a  proper  vefTd  to 
it's  end:  this  will  give  you  a  general  though  im* 
perfeft  idea  of  an  apparatus  for  this  ufefiil  purpofe. 

I  have  already  mentioned  to  you  the  diffblvil^ 
power  of  water,  and,  in  one  of  the  preceding  Lec- 
tures, given  you  fuch  reafons  ai  will  probably  in- 
.duce  you  to  think  that  this  power  is  chiefly  to  be 
attributed  to  it's  combination  with,  and  the  {de- 
fence of  fire  adting  in  it.  Salts  are  the  fubftuices 
which  it  diffolves  the  fooneft,  and  in  the  greateft 
quantity  i  it  wilt  notdiflblve  equal  quantities  of  ail 
kinds  of  falts.  fome  being  more  foluble  chereiti  than 
others ;  all  fairs  are  more  fpeedily  diflblved  in 
Warm  than  in  cold  water.  When  wajter  is  fatu* 
Ttted  with  any  kind  of  fait  in  a  definite  d<^p-«e  of 
beat,  it  will  retain  that  fait  as  long  as  it  retains  it's 
heaci  but  if  the  heat  be  lefTened,  the  tran^Mrency 
of  the  folution  will  be  deftroyed.  a  part  oi  tbe  fait 
■will  become  yifible,  and  foil  to  the  boctovt;  vhat 
■  :■ ;  rtius 
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thiu  falls  down  will  be  re-dilTbtvtd  at  foon  u  di* 
water  regains  rh«  fire  it  had  loll.  Thus  the  quan- 
tity of  the  fait  which  is  precipitaoed  from  thtf 
cooling  of  the  water,  will  depend  partly  on  th» 
degree  of  heat  in  which  the  folution  is  fitcunted. 
and  partly  oft  the  decree  of  cold  to  which  the  folu^ 
tion  i«  reduced.  TBw  water  of  So  de.grees«  when 
faturated  with  fait,  contains  more  fait  than  iC 
would  do  if  ii  hod  only  70  degrees  of  heat  j  and  iq 
beii^  cooled  to  50  degreesi,  the  precipitation  will 
be  greater  in  the  firft  in(buice  than  in  the  fecond. 
Salt-is  much  longer  in  being  diffolved  when  it  is  in 
a  c(»npa<ft  flate,  than  when  it  is  reduced  into  a  fine 
powder,  becaufe  when  it  is  in  the  form  of  powder 
it  presents  a  much  larger  furface  to  the  water  tluui. 
Wheti  it  is  one  fotid  lump. 

When  falts  are  mixed  W'Eh  water,  a  confidef't 
able  quantity  of  air  is  feparatcd  from  the  water^ 
and  the  Whole  of  the  fluid  appears  muddy,  occa4i> 
encd  l^  a  number  of  very  fmall  bubbles,  which  tiCt 
to  tbe  top  fb  as  to  form  a  fcum ;  when  all  are  nftn» 
the  water  f^in  becomes  tnmfparent.  This  phe-- 
nomenon  flKMld  be  noticed^  as  many  have  beende* 
ceived  by  it,  efpccially  thofe  who  have  written  on 
mineral  waters;  theyoftenfpeakof  aneiFervefcence 
in  them  where  there>really  is  none,  and  the  appear' 
anee  ef  it  is  nothing  more  than  the  air  efcaping. 

The  more  fait  you  add  to  water,  the  more 
flowly  it  will  be  diflblved ;  after  a  certain  quantity 
it  will  di0blve  no  more;  the  points  at  which  the 
Talcs  ceafe  to  diflblve  is  called  the  point  of falura- 
tien.  The  proportion  of  water  is  very  different 
with  refpe<5t  to  different  Mts.  Sir  Ifaac  Newton 
fuppofed,  that  there  was  an  equal  diflribution  of 
fait  through  a  determined  fpace  of  water ;  hence 
their  dcpoiition  in  regular  order.  The  fait  often 
requires  fome  time  before  it  can  be  fo  difTcminated 
that  it's  particles  may  be  arranged  at  equal  dlf- 

tance? 
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tancca  tiiroughout  the  whole  fluid ;  intimc,  howevefj 
this  is  effe(3:ed.  Throw  a  heavy  fait,  as  blue  vitriol,- 
into  a  glafs  of  water,  it  at  iirft  finks  to  the  bottonij 
and  after  fotne  days  begins  to  impart  it's  colour  and 
qualities  to  the  particles  of  water  immediately  fur- 
rounding  it :  as  that  part  of  the  water  which  is  in 
contadt  only  a£t&  on  the  fait,  it  is  foon  faturated, 
and  being  thus  rendered  heavier>  remains  round  the 
fait  as  an  atmofphcre ;  the  refl  of  the  w^ter  adls  on 
this  furrounding  atmofphcre,  therefore  in  a  little 
time  another  Aratum  will  be  formed  containing icfa 
fait  than  the  former ;  innumerable  horizontal  ftrata 
will  at  length  be  formed  containing  lefs  and  lefs 
ialt:  hence-ihe  difFufion  is  very  flow,  unlefs  it  be 
alfifted  by  agitation.  The  vitriolic  ftcid  is  ufed  lA 
bleaching,  being  diluted  in  the  water  in  which  the 
lin^  is  (toeped.  The  bleachers  at  firft  thought  it 
was  enough  merely  to  throw  the. acid  into  tho 
watcri  this,  however,  always  corroded  fomeofthe 
linen,  becaufe  the  vitriolic  acid  always  finks  tp  the 
bottom,  and  remains  there  a  long  time  before  it  i« 
regularly  diffeminated.  When,  mixed  thoroughly 
by  agitation,  the  fait  will  never  feparate  again. 

There  is  another  phenomenon  attending  the 
folution  of  falts,  namely,  the  produi5tion  of  cold  i 
this  we  have  already  explained  to  you,  and  fhcwt) 
that  it  depends  on  the  quantity  of  fire  abforbcd  t^. 
maintain  and  Keep  up  the  fluidity  of  the  Qdt. 
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LECTURE    XIII. 
Of  Water  in  the  State  of  Ice. 

I  HAVE  ihewn  you,  that  water  is  in  a  fluid 
ftate  only  on  account  of  it's  combination  with 
fire  :  that  if  it  lofes  the  fire^  which  is  thus  com- 
bined with  it,  it's  particles  cohere  tc^ethtr,  and 
form  a  hard  fubftance  called  ice. 

Water  in  freezing  parts  with  the  fire,  with 
which  it  was  combined.  If  a  thermometer  be  im- 
merfed*in  a  veljel  of  freezing  water,  the  mercury 
will  rife  fome  degrees  above  32',  while  another 
thermometer,  in  the  open  air,  will  remain  fixed  at 
or  fome  degrees  below  that  point ;  part  of  the  fire 
which  was  fixed  in  the  water  being  difengaged, 
efcapes  into  the  air  when  it  alTumes  a  folid  form. 
A  fimilar  difengagement  of  fire  is  perceived  in  the 
ciyftallization  of  falts.  On  the  other  hand,  when 
ice  melts,  it  combines  itfclf  with  a  confiderable 
quantity  of  fire,  which  at  the  fame  time  does  not 
increafe  the  temperature,  which  you  may  prove  by 
this  experiment.  Let  there  be  a  pound  of  ice  at 
32",  mix  a  pound  of  water  at  172  therewith,  and,  ' 
in  a  few  moments,  the  ice  will  be  melted,  and  the 
temperature  of  the  'mixture  will  be  32 ' ;  a  quantity 
of  fire,  which  raifcd  the  thermometer  140"  (140+ 
32=172),  was  abforbed  by  and  combined  with  the 
ice  to  give  it  a  fluid  form;  but  the  fire,  Jhus  ab- 
forbed, does  not  produce  any  eft'eft  Upon  the  ther- 
mometer. 

The  fire,  which  the  water  abforbs,  when  it 
acquires  a  fluid  form,  is  again  feparated  from  it  by 
congelation;  for  if  a  pound  of  water  at  32°  be 
mixed  with  an  equal  quantity  of  ice  at  4°,  nearly 
■f  of  the  water  will  be  frozen,  and  the  temperature 
of  the  mixture  will  be  32.  Nov,  in  this  expcri- 
VoL,  II,  D  mcnt, 
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mcnt,  the  ice  is  raifed  from  4"  to  the  freezing 
point,  that  is,  a8*.i  it  is  therefore  plain,  that  by  the 
congelation  oft  of  a  pound  of  water,  a  fufficienc 
quantity  of  fire  is  evolved  to  raife  a  pound  of  ice 
28  degrees:  now  five  times  2 »  is  i40''>  fo  that^thc 
fire,  which  is  extricated  by  congelation,  is  prc- 
cifely  cquaP  to  that  which  is  abforbed  by  the  melt- 
ing ice.  Meffcs.  La-voifier  and  dc  la  Place  have 
fiven  us  this  generaF  idea-  of  this  phenomenon.' 
be  beat,  neceffary  to  melt  ice,  is  equal  to  lbree~ 
fourths  of  that  tiibicb  would  elevate  the  fame  weight 
of  "water y  at  the  freezing  point ^  to  tb»t  of  hoiling 
water.  « 

The  external  air  promotes  the  formation  of , 
ices  wa£cr  in  a  clofe  vellel  freezes  veiyflowly  J  but 
if  expofed  to  air  of  the  fiime  temperature,  ice  will 
very  foon  be  formed,  A  fimilar  phenomenon  i» 
faid  to  beobferved  in  the  cryllallization  of  faks; 
many  faline  folxirions,  which  wilt  remain  in  that 
ftate  in  clofe  veffels^difplay  cryftals  almoft  as  foon 
as  you  open  the  mouth  of  the  vefleJ,  and  cxpofo 
ihcm  to  the  contadt  of  the  atmofpherc. 

Gentle  motion,  or  a  flight  :^itation  of  the 
fluid,  facilitates  it's  converfion  into  ice:  nearly  in 
the  fame  manner,  fome  falitve  folutions  are  de- 
termined to  cryftallization  by  a  flight  agitation. 
It  is  probable,  that  the  two  above-mentioned  cir- 
cumftances  facilitate  the  feparatifin  of  the  com- 
bined fire  from  the  water. 

Boiled  water  may  be  brought  a  greater  num- 
ber of  degrees  below  the  freezing  point  without 
congealing,  than  unboiled  water,  which  contains- 
more  air. 

Subftances,  which  leffen  the  tranfparfftcy  of. 
.  water,  render  it  at  the  fame  time  more  difficult  to 
be  cooled  below  32"  without  freezing,  and  difpofc 
it  to  flioot  more  readily  into  Jce. 

Foreign  fubltances  chemically  combined,  or 
diflblved 
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diflblvcd  in  water,  do  not  take  away  it's  property 
of  "being  cooled,  though  they  alter  the  degree  at 
which  that  property  commences. 

Striking  the  bottom  of  a  tumbler  with  cooled 
water  againft  a  board,  will  produce  inftant  conge- 
lation; when  ftirring  the  water,  or  Ihaking  it  in 
the  hand,  will  have  no  effed.  The  moft  certain 
method  of  bringing  on  congelation  is,  that  of  rub* 
bing  a  bit  of  wax  on  the  fide  of  the  tumbler,  but 
under  the  water  j  a  particular  roughnefs  in  the  mo- 
tion is  felt,  and  a  cruA  of  ice  is  immediately  per* 
ceived  under  the  wax  upon  the  glafs. 

Thefe  methods  fuccccd  beft  in  proportion  as 
the  water  is  more  cooled  below  the  freezing  point  1 
unlefs  the  cooling  amounts'  to  4  or  5  degrees,  the 
fridion  from  the  wax  is  often  in  vain. 

'  When  water  is  cooled  below  the  freezing 
point,  the  contad  of  the  teafl  particle  of  ice  wiR 
make  it  inftamly  congeal;  the  glacial  cryltals 
ihooting  all  through  the  liquor,  from  the  fpot 
where  the  ice  touches,  till  tha  whole  comes  up  tq 
the  freezing  point.  Few  experiments  of  the  mi- 
nute kind  afford  a  more  ftriking  fpedacle  than  this, 
efpecially  when  the  water  has  been  cooled,  nearly 
as  much  as  poffible,  below  the  freezing  point; 
both  from  the  beautiful  manner  in  which  the  cryf- 
tals  ftioot  through  it,  and  the  rapidity  with  which 
the  mercury  in  the  thermometer  immerfed  in  it, 
juns  through  a  fpace  of  10  or  i  r  degrees,  flopping 
and  fixing  always  at  32  in  pure  water. 

The  effed  of  ice,  in  haftening  congelation, 
explains  fome  phenomena.  In  a  calm  day,  when 
the  temperature  of  the  air  was  about  ao**,  two 
veflels,  with  diftilled  water,  were  expofed  to  th» 
cold;  one  of  them  was  flightly  covered  with  paper, 
the  other  was  left  open ;  the  former  bore  to  be 
cooled  many  degrees  below  the  freezing  point:, 
whilft  a  cruii  of  ice  always  formed  on  the  furfajc 
D  J  of 
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of  the  other,  before  the  thermometer  immerfed  in 
the  middle  of  it,  came  to  the  freezing  point ;  moft 
probably  arifing  from  the  frozen  particles,  which, 
m  frofty  weather,  are  generally  floating  in  the  air. 

Oil  fpread  over  the  furface  of  water  has  been 
found  to  prevent  it  from  freezing,  when  other 
water  fimilarly  expofed,  has  had  a  cruft  of  ice 
upon  it ;  the  oil  preventing  the  frozen  particles 
from  coming  in  contaiS  with  the  water.  In  fri- 
gorific  mixtures  the  congelation  is  often  brought 
on  by  raifmg  the  immerfed  thermometer  a  little 
but  of  the  water,  and  lowering  it  again,  fomc  of 
the  adhering  water  having  frozen  on  the  ftem. 

To  infure  the  grcateft  degree  of  cold  in  water 
without  freezing,  you  mull  cool  it  in  a  very  gra- 
dual manner,  keeping  the  cold  of  the  frigorific 
mixture  regularly,  only  two  or  three  degrees  below 
that  of  the  water.  Sudden  cooling  may  be  con- 
fidered  as  one  of  the  caufcs  which  haften  congela- 
tion. Metallic  or  too  thin  vclfcls  are  not  proper 
for  thcfe  experiments,  as  they  tranfmit  fire  too 
readily.  The  frigorific  mixture  Ihould  be  kept 
a  little  below  the  edge  of  the  wa'ter  in  the  tumbler, 
otherwife  the  congelation  quickly  begins  at  that 
place. 

Fahrenheit  cooled  water  1 5  degrees  below  it's 
common  freezing  point  without  freezing;  Mr,  de 
Luc  to  14°.  It  is  not  improbable,  that  if  water 
could'  be  thoroughly  purged  of  air.  it  might  be 
tooled  iS"  below  the  freezing  point  without  con- 
gelation. Other  fluids  will  bear  to  be  cooled  much 
more  below  their  proper  point  of  congelation. 

When  water  is  nearly  congealed,  it  augments 
in  bulk,  as  we  fliall  ftievv  you  by  this  Ample  ex- 
periment, I  ihall  take  this  tube  filled  to  E,  and 
plunge  the  bulk  thereof  in  the  mixture  of  fait  and 
ice;  you  will  obferve  that  the  water  at  firft  rifes  in 
the  tube,  on  account  of  thefuddc     .jntradtion  of 

the 
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Ac  bulb  on  being  immerged  in  this  cold  medium ; 
the  water  now  contrai5led  in  it's  turn  falls  again, 
and  will  remain  for  fome  time  at  the  fame  poinf ; 
in  a  little  time  it  will  begin  to  expand ;  it  has  now 
rifen  to  H,  and  foon  will  rife  with  fome  violence 
much  higher ;  it  is  now  got  to  I ;  the  water  in  the 
bulb  you  fee  lofcs  it's  tranfparency,  and  grows 
cloudy,  and  is  freezing  during  the  congelation;  and 
while  the  ice  is  hardening,  the  water  rifes  in  the 
tube  ;    it  now  runs  over  it. 

This  cxpanfive  force  of  ice  is.  very  great,  as 
you  will  -be  convinced,  by  the  detail  of  a  few  in- 
terefting  experiments.  The  Rev.  Mr.  Jones  made 
a  long  cylindrical  metal  box  with  a  ftrongrim;  to 
this  he  applied  a  cover,  fitting  them  with  great- 
cxaftnefs  by  grinding  them  one  upon  the  other  in 
a  turning-lathe.  He  then  prepared  fome  water, 
firft  by  boiling,  and  fecondly  by  cxhaufting  the 
air  from  it,  which  was  fo  far  effeifted,  that  when 
cold  it  did  not  yield  the  leaft  bubble  of  air,  on 
trying  it  by  the  air-pump.  He  filled  the  box  with 
water,  till  it  flood  convex  above  the  rim;  and  hav- 
ing applied  a  wet  leather  to  the  cover,  he  fcrewed  ' 
it  down  firmly  upon  the  box  with  four  iron  fcrews. 
In  this  fhitc,  it  is  probable,  the  box  could  not 
have  been  feparatcd  from  it's  cover  by  a  weight 
lefs  than  half  a  ton.  He  plunged  the  whole  into 
A  freezing  mixture,  in  lefs  than  half  an  hour  the 
water  was  froze  into  a  folid  mafs,  and  as  it's  bulk 
increafed,  the  three  fcrews  were  forced  by  the 
violence  of  the  preffurc,  and  the  cover  was  raifed 
up  on  one  fide  a  quarter  of  an  inch  above  the  rim. 

To  meafure  this  force  with  more  cxadnefs, 
the  feme  gentleman  made,  another  experiment, 
ufing  the  fame  box,  and  filling  it  as  before  with 
water  purged  of  it's  air,  and  being  covered,  but'  . 
not  fcrewed  down;  it  was  placed  upon  an  oaken 
pedclUl,  which  had  for  it's  bafc  a  flat  hewn  ftonc 
D  3  of 
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of  about  a  foot  fquare.  The  fliorter  arih  of  a  vcxf 
ftrong  lever  was  made  to  prefs  upon  the  cover  j 
this  lever  was  compounded  with  two  more  to  in- 
crcafe  the  power  ;  at  the  extremity  of  the  longeft 
arm  of  the  moft  remote  lever  a  cord  Was  faftened, 
which  ran  over  a  pulley,  and  had  a  weight  of 
aSIb.  J  by  allthefe  combined,  the  cover  ofthe  box 
was  prefled  with  a  force  of  above  2a961b. ;  white 
it  was  fo  preiTed  down,  the  water  within  it  was 
froze,  and  the  agent  by  which  the  water  was  con-r 
gealed  overcame  the  whole  force  of  the  machine. 
The  experiment,  however,  was  not  complete ;  for 
when  the  water  began  to  freeze,  and  the  cover  of 
the  box  to  be  raifed  from  the  rim,  the  ground 
yielded  under  the  prelTure,  and  the  flat  ftone,  which 
ferved  as  a  bafe  to  the  pedeftal,  funk  a  little  below 
it's  firft  pofition;  by  this  means  the  force  was  at 
hrd  fpent  upon  the  ground,  and  did  not  take  place 
in  the  machine  till  the  ground  would  give  way  no 
more.  It  was,  however,  fo  fcnfibly  perceived  in 
the  machine,  as  to  prove  that  it  was  at  leaft  fupe-t- 
rior  to  one  ton  two  hundred  and  ninety-fix  pounds. 
The  box  contained  5  tV  cubic  inches,  May  nof 
this  force  proceed  from  fire,  not  as  giving,  but  as 

■  reftoring  an  equilibrium,  which  has  been  inter- 
rupted ?  Fqr  light  and  fire  may  have  powerful 
eff'eits  in  nature,  where  they  give  no  fenfible  heat. 

By  the  expanfive  force  of  ice,  Hiiyghens  burft 
an  iron  tube  of  half  an  inch  in  thicltnefs.  In  the 
experiments  of  the  acaddmy  del  clmen?o,  bomb- 
Ihells  and  the  ftrongeft  velfcls  being  filled  with 
water,  were  burft  in  pieces  by  the  fluid  on  it's 
congelation. 

When  water  is  congealed  into  ice,  a  g'"^*^ 
number  of  bubbles  are  produced  and  impriloned 
in  it ;  as  thcfc  bubbles  are  produced  in  the  a<ft  of 
freezing,  they  extend  the  bulk  of  it's  water,  and 

.  render  the  ice  fpecificaliy  lighter,  and  capable  of 

floating 
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■Boating  thereon.  That  thefc  bubbles  arCj  in  a 
great  meafurc,  the  catifcs  of  this  expanfion,  is  clear 
irom  the  experiments  of  Marriotte  and  Mairan, 
Mho  found  ice  made  with  water,  well  purged vcf 
air,  fenfibly  heavier  than  that  formed  from  the 
ikme  quantity  of  common  water.  According  to 
Mairan,  ice  formed  of  water,  pureed  of  air,  ex- 
ceeded iV  in  bulk  the  volume  of  water  which  form- 
ed iti  while  ice  made  from  water,  not  purged  of 
air,  exceeds  the  water  i  or  ^  in  bu4k;  therefore 
floatB  with  about  one  tcirth  part  of  it's  thicknefs 
out  of,  or  above  the  water  that  bears  it.  From  ■ 
hence  you  may  infer  the  amazing  thicknefs  of  the 
ice  in  the  northern  feas,  where  the  portion  above 
jhe  furface  is  higher  than' the  mafts  of  the  lallcft 
veflels. 

When  a  tra£t  of  ice  in  ftrong  maffes  is  fpread 
<ovcr  the  ground,  and  other  ice  continues  to  be  ■ 
formed  underneath,  where  there  is  not  room  for 
it's  expanfion,  as  in  the  glaciers  of  Switzerland, 
the  ice  underneath  fometimes  expands  with  fuch 
force  as  to  rend  the  fuperior  ftrata  with  violent 
explofions.  In  the  frofty  climates  of  the  polar 
regions,  thefe  explofions  are  frequent,  and  fome- 
times as  loud  as  a  cannon. 

The  expanfive  force  of  ice  is  applied  on  fe- 
veral  occafion*  to  fave  the  labour  of  man,  and  per- 
form fuch  things  as  are  beyond  the  reach  of  art. 
Blocks  of  ilate-ftone,  which  is  formed  in  thin 
plates  or  ftrata,  not  feparable  by  a  tool,  are  taken 
out  of  the  quarry  and  expofed  to  rain,  which 
foaking  into  the  pores  of  the  ftone  is  there  frozea 
into  ice,  which,  by  it's  expanfion,  breaks  the 
ftorte  into  ihin  plates.  In  the  iron  works,  they 
fometimes,  in  order  to  break  an  old  bomb-lhcll,  fill 
■  it  with  water,  then  faftcn  up  the  vent  and  expofe  it  to 
the  frofi,  which  burils  it  into,pieces  without  farther 
{rouble.  If  you  expeft,  therefore,  that  any  liquor 
D  +  will 
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will  freeie,  and  wifti  to  preferyc  your  vend,  leave 
room  therein  fufficient  for  this  accidenal  ex- 
teofion. 

The  efFefts  of  this  expanfion  are  obfervable  in 
a  thoufand  phenomena.  Trees  are  burft,  rocks  are 
renij  walnut,  afh,  and  oak-trees,  arc  fometimes 
cleft  afiinder,  and  this  with  a  noife  like  the  cxplo- 
fion  of  fire-arms. 

Nor  are  the  effects  of  extreme  cold  lefs  won- 
derful; metallic  fubftances  will  then  blifter  the 
Ikin  like  red-hot  iron;  the  air,  when  drawn  in, 
hurt»  the  lungs,  and  excites  coughing. 

When  the  French  mathematicians  wintered 
at  Tornea,  in  Lapland,  the  external  air,  when 
fuddenly  admitted  into  their  rooms,  converted  the 
moifture  of  the  air  into  whirls  of  fnow.  Their 
breaft  feemcd  to  be  rent  when  they  breathed  it, 
and  thecontaift  ofit  was  intolerable  to  their  bodies; 
and  the  aqueous  parts  of  fpirit  of  wine,  which  had 
not  been  highly  reiftified,  burft^fomc  of  their  ther- 
mometers. 

Extreme  cold  often  proves  fatal  to  animal 
life  J  7000  Swedes  perilhed  at  once  in  attempting 
to  pafs  the  mountains,  which  divide  Norway, 
from  Sweden.  In  cafes  of  extreme  cold,  the  per- 
fon  attacked  firft  feels  himfelf  extremely  chill  and 
uneafy,  he  begins  to  turn  lilllefs,  is  unwilling  to 
walk  or  ufe  the  exercife  neceflkry  to  keep  him 
warm,  and  at  laft  turns  drowfy,  fits  down  to  rcfrefti 
himfelf  with  fleep ;  but  wakes  no  more.  An  in- 
ftancc  of  this  was  feen  at  Terra  del  Fuego,  where 
Dr.  Solandcr,  with  fome  others,  having  taken  an 
excurfion  up  the  country,  the  cold  was  (o  intenfe 
as  to  kill  one  of  their  company.  The  dodor 
himfelf,  though  he  had  warned  his  companions  of 
the  danger  of  fleeping  in  that  fituation,  yet  could 
not  be  prevented  from  making  that  dangerous  ex- 
periment himfelf;  and  though  he  was  awaked  with 
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all  pofTible  expedition,  his  body  was  ib  much 
fhrunk  in  bulk,  that  his  fhoes  fell' off  his  feet/  and 
it  was  with  the  utmoft  difficulty  he  was  recovered. 

In  thofe  parts  of  the  world,  where  vaft  maffes 
of  ice  are  procured,  the  accumulation  thereof  by 
abforbing  the  fire  from  the  atmofphcre,  occafions 
gieAtJlerilily  in  the  neighbouring  countries,  as  is 
pafticularly  the  cafe  with  the  illands  of  Iceland, 
Greenland,  Statenland,  &c- 

Ice  is  fubjedt  to  a  conftant  diminution  of  it's 
weight  when  expofed,  to  the  common  air.  Mr. 
Boyle  expofed  two  ounces  of  ice  to  a  (harply  frcez- 
ingair  a  little  before  midnight,  and  found  it  in  the 
morning  diminifhed  10  grains  in  weight.  In  long 
continued  frofls,  the  ice  formed  in  ponds,  and 
other  fmall  coUcftions  of , water,  is  fenlibly  dimi- 
niflied  every  day,  and  often  wholly  evaporated;  <(nd 
a  fall  of  fnow  may  be  feen  confiderably  wafted  in 
a  few  days  in  the  fevercft  feafon.  The  principal 
caufe  of  this  lofs  of  weight  feems  to  be  the  incef- 
fant  aiSion  and  abrafion  of  the  air  upon  the  furfacc 
of  the  ice. 

Notwlthftanding  this  lofs  of  weight  to  which 
both  ice  and  fnow  are  fubjeQ  in  the  coldejl  weather, 
and  the  thaw  which  ihcy  experience  in  the  hotteft, 
fome  have  doubted,  whether  the  quantity  of  con- 
gealed water  be  not  an  increafing  quantity.  A 
philofopher,  *  well  acquainted  witn  the  nature  of 
the  Alps,  exprefles  himfelf  upon  the  fubjed:  in  the 
following  manner:  "  One  cannot  doubt  concern- 
ing the  increafe  of  ail  the  glaciers  of  the  Alps ; 
their  very  exiftence  is  a  proof,  that  in  preceding 
ages,  the  quantity  of  fnow  which  has  fallen  during 
the  winter,  has  exceeded  the  quantity  melted 
during  the  fummcr.  Now,  not  -only  the  fame 
caufe  ftill  fuhfifts;  but  the  cold,  occafioned  by  the 
mafs  of  ice  already  formed,  ought  to  augment  it 
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iVill  farther, '  and  thence  more  fnow  ought  to  faT^ 
.and  a  Icfs  quantity  of  it  be  melted." 

Though  this  be  admitted,  it  by  no  means 
follows  that  there  is  an  annually  increafing  quan- 
tity ;  for,  bcfides  the  heat  of  the  air  in  fummcr, 
there  is  another  caufe,  which  tends  to  prevent  any 
indefinite  sugmentatiop  of  congealed  water, — the 
internal  beat  af  ibe  earth.  The  general  heat  of  the 
iprings  of  water,  fituated  deep  in  the  bowels  of  the 
earth,  is  48  degrees.  In  mountainous  countries  it 
may  be  fomewhat  Icfs,  but  fufficient  potwith- 
itanding  for  the  purpofc  here  mentioned.  When 
,the  fnow,  incumbent  on  any  fpot  of  ground,  is  but 
thin,  it  may  fo  far  cool  the  earth,  that  the  inter- 
nal heat  may  not  be  able  to  diflblve  it ;  but  whea 
the  bed  is  thick  enough  to  proteft  the  eanh  fronj 
the  influence  of  the  atmofpherical  coid,  that  fur- 
face  of  the  earth  may,  even  in  the  coldeft  winters, 
receive  more  heat  from  the  earth,  than  cold  fron\ 
the  atmofphere,  and  be  therefore  dilTolved  ^1^  ^U 
feafons  of  the  year.  * 

This  reafon  is  corroborated  by  faft ;  for  it  "is 
faid,  that  ftreams  of  water  iffue  from  the  bottom  of 
the  glaciers  in  the  Alps,  in  the  greateft  feverity  of 
■winter ;  fo  that  whether  the  iniernai  heat  of  the 
earth  be  admitted  or  not,  as  a  caufe  fufficient  to 
explain  the  phenomenon,  a  conflant  thaw  of  the 
ice  or  fnow,  which  is  coijtiguous  to  the  furface  of 
the  earth  in  the  Alps,  cannot  be  denied  j  and  this, 
added  to  other  caufes,  may  render  it  probable,  that 
fhe  quantity  of  congealed  water  has  it's  limit,  even 
in  the  coldeft  country. 

Ice  appears  to  be  a  kind  of  confufed  cryftal- 
Jization.  Mr.  De  Mairan  obferved,  tha:  the. 
jieedle-formed  cryftals  of  ice  unite  in  an  anglcof 
j6o  or  120**.  If  a  piece  of  ice,  which  contains 
water  in  ii*s  internal  part,  be  broken,  the  water 

runs 
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nnis  outi  and  the  internal  cavity  is  found  to  be 
fined  with  beautiful  tetrahcdral  prifms.  Thefe 
prifms  are  often  articulated  and  crolTed.  Whfen  it 
fnows  at  MofcDw,  and  the  atmofphere  is  not  too 
dry,  the  air  is  .obferved  to  be  loaded  with  beauti- 
ful cryftalliaations  re»i!arly  flattened,  and  as  ihin 
as  a  leaf  of  paper.  They  confift  of  an  union  of 
fibres  which  Ihoot  from  the  fame  center  to  form 
^x  principal  rays ;  thefe  rays  divBe  themfelvej 
into  extremely  fmall  blades.  Mr.  Macquart  has 
obferved  fcveral  of  tbefe  iUttened  ri>dii,  which 
verc  ten  lines  in  diameter. 

Hail  and  fnow  are  modificationsofice.  Hail 
is  probably  produced  by  a  fudden  difcnga^ement  of 
the  fire  by  which  vater  is  rendered  liquid,  and  is 
generally  accompanied  by  thunder,  Hail^Jnow, 
and  icCt  are  wonderful  images  of  the  great  operations 
in  nature;  ^nd  if  your  fenfes  had  not  acquainted 
you  how  thefe  things  are  created  out  of  fomething, 
and  are  themfelves  only  the  properties  of  fire,  air, 
and  water,  brought  out  of  a  prior  fi:acc  into  fuch  a 
compad:ion  ^nd  creation  as  is  called  fnow,  hail, 
and  ice,  philofophy  would  have  left  you  as  ignorant 
of  their  nature,  as  it  is  of  mofl  material  fubfi^nces, 
Mr.  Chaptal  relates  the  following  curious  obfer- 
yation,  made  by  himfcif  at  MontpcHier,  Qdi.  19, 
1786,  "On  that  day  four  inches  of  water  fell  at 
Mompellier,  a  violefit  explolion  of  thunder  was 
heard  about  four  in  the  afternoon,  which  appeared 
'  to  be  Tery  near,  and  was  accompanied  by  a  moft 
violent  fhower  of  hail.  At  this  inllant,  a  druM;ifl-4 
who  was  employed  in  preventing  the  mifchicroc- 
cafioncdby  thefiltracionof  water  through  the  wall, 
was  greatly  aftoniflied  by  perceiving  the  water  that 
came  through  the  M'all  inllantly  changed  into  ice, ' 
He  called  in  feveral  of  his  neighbours  to  par- 
take of  his  furprizc.  Mr.  Chaptal  vifited  the  place 
{(bout  a  quarter  of  an  hour  afterwards^  and  foun4 
j  abou( 
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about  ten  pounds  of  ice  at  the  foot  of  the  waH :  he 
was  well  affured  it  could  not  have  pafled  through 
the  wall,  which  did  not  exhibit  any  crack.  Did 
the  fame  caufe  which  determined  the  formation  of 
hail  in  the  atmofphere,  ait  equally  in  the  cellar?" 

A  mafs  of  ice  formed  by  a  flow  congelation, 
appears  very  homogeneous,  and  fufficiently  tranf- 
parent  for  a  fmall  diflance  from  the  furface  firit 
frozen;  but  in  the  interior  parts,  and  particularly 
towards  the  middle,  there  is  a  conflderabte  number 
of  bubbles  of  air.  Aquick  congelation  fpreadsthefe 
bubbles  indifferently  through  the  whole  mafs, 
which  becomes  thcreforcalmoftopake,  being  com- 
pofed  of  fmall  parts  of  different  dcnlities ;  and  the 
upper  furface  is  more  rough  and  irregular  than 
when  the  congelation  has  been  flow  and  gradual. 

The  ice  of  runni  ng  waters  is  di  tferentiy  formed 
from^that  of  (landing  waters;  in  thefe  the  furface 
is  firft  froze,  and  thickens  gradually  by  freezing 
one  flratum  of  water  after  another ;  and  it  is  car- 
ried on  much  more  expcditioufly  than  when  it  is  in- 
motion. 

When  the  cold  is  fufficicnt,  the  water  freezes 
on  the  edges  of  a  river.  The  ice  thus  formed  is, 
however,  often  broken  and  carried  away  by  the 
current;  more  ice  is  then  formed,  which  is  again 
broken  off,  and  fo  on.  The  cakes  of  ice  thus 
-  formed,  are  at  firft  very  thin,  and  cafily  broken  by 
the  firft  ftiock,  fo  that  very  few  remain  whole,  but 
are  broken  in  a  thoufand  pieces.  Thus  in  a  little 
^me  the  river  is  covered  with  fmall  pieces  of  ice 
( that  theleaftobftacle  ftops)  floating  down  it's  ftreain. 
Thefe  by  degrees,  and  from  a  variety  of  circum- 
ftances  accumulate  in  fize  and  number;  and  the 
ice  thus  formed  is  very  irregular  and  opake,  and 
mixed  M'ith  a  variety  of  fmall  heterogeneous  fub- 
ftances,  as  bits  of  ftraw,  herbs,  &c.  which  had 
attached  themftlves  to  the  pieces  of  ice.  By  a 
4  continual 
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continual  increafe  in  fize  by  the  various  obftacles 
to  be  met  with  in  the  courfe  of  a  river,  fuch  as 
bridges,  &c.  thefe  cakes  are  at  laft  fo  joined  as  ro 
cover  the  river.  In  very  fevere  frofts,  and  very 
cold  climates,  rivers  have  been  known  to  be  froze 
over  with  great  rapidity-  Dr.  Goldfmith  mentions 
having  fcen  the  Rhine  frozen  at  one  of  it's  moft 
precipitate  cataraifls,  and  the  iceftanding  in  glafiy 
columns  like  a  forefl:  of  large  trees,  the  branches 
of  which  have  been  lopt  away.  So  hard  doei  the 
ice  become  in  cold  countries,  that  in  1740,  a  palace 
of  ice  was  built  at  Peterlburg,  after  a  very  elegant 
model,  and  in  juft  proportions  of  Auguftan  archi- 
tei^^ure.  It  was  52  feet  long,  and  20  feet  high. 
The  materials  were  quarried  from  the  furfacc  of  the 
river  Neva,  and  the  whole  ftood  gliftening  againft 
the  fun  with  a  brilliancy  almoft  equal  to  his  own. 
To  increafe  the  wonder,  6  cannons  of  ice,  and  two 
bombs,  all  of  the  fame  materials,  were  planted 
before  this  extraordinary  edifice:  the  cannon  were 
three  pounders,  they  were  charged  with  gunpow- 
der, and  fired  ofFj  the  ball  of  one  pierced  an  oaJc 
-plank  2  inches  thick,  at  fixty  paces  dillance,  nor 
did  the  piece  burft  with  the  explofion. 

In  the  northern  parts  of  the  world  folid  bodies 
^  are  liable  to  be  hurt  by  the  froft.  Timber  is  often 
apparently  frozen,  and  exceedingly  difficult  to  be 
fawed.  Marie,  chalk,  and  other  lefs  folid  terreftrial 
'  concretions,  are  often  ftiattercd  by  long  and  durable 
frofts.  Metals  are  contradled  by  froft:  thus*  an' 
iron  tube  12'feet  long,  upon  being  cxpofcd  to  the 
air  in  a  frofty  night,  loft  two  'lines  at  it's  length. 
The  expanlion  of  water  I  have  already  mentioned 
to  you.  Trees  are  often  deftroyed  by  froft,  and 
appear  as  if  burnt  by  the  moft  exceflive  heat. 

Froft  generally  proceeds  from  the  upper  parts 

of  a  body  downwards  j  but  how  deep  it  will  reach 

in  the  earth  is  aoteaCly  known,  as  this  depth  will 

'    vary 
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vary  from  a  variety  of  caufes,  aa  the  duration  of 
the  froft,  the  texture  of  the  ground,  &c.  After  a 
hard  froft  of  fome  days,  Mr.  Boyle  dug  in  an 
orchard  where  the  ground  was  level  and  bare,  and 
found  the  froft:  had  fcarce  reached  3  inches  and  a 
half  below  the  furface.  Nine  or  ten  fucceflive 
frofty  nights  froze  the  ground  in  the  orchard  only 
to  the  depth  of  S  inches  and  a  half.  In  a  garden 
at  Mofcow,  the  froft  in  a  hard  feafon  only  pene- 
trated 2  feet.  Water,  like  the  earth,  feems  not 
difpofed  to  receive  any  very  intenfe  degree  of  cold 
at  a  conliderable  depth  or  diftance  froin  the  air; 
the  vaft  niafles  of  ice  found  in  the  northern  feas 
beingonlymanyflakesandfragments,  which,  Aiding 
under  each  other,  are  cemented  together  by  the 
congelation  of  the  intercepted  water. 

The  great  power  of  froft  on  vegetables  is  a 
thing  fufficiently  known ;  but  the  difference  be- 
tween the  frvfis  of  a  Jevere  winter,  and  thofc  of 
fpring  mornings,  have  been  but  little  attended  to; 
you  will,  however,  find  it  a  fubjedt  very  worthy 
'  of  your  attention. 

The  frofts  of  a  fevere  winter^  are  much  more 
terrible  than  thofe  of  xhc  fpring,  as  they  bring  on  a 
privation  of  all  the  produds  of  the  tenderer  parts 
of  the  vegetable  world ;  but  they  are  not  frequent ^ 
fuch  winters  happening  but  once  in  an  age ;  but  the 
frofts  of  the  fpring  are  more  injurious,  as  they  arc 
repeated  every  year. 

In  regard  to  trees,  the  great  difference  is  this, 
that  the  frofts  of  a  fevere  winter  affeit  their  wood, 
their  trunks,  and  the  large  branches;  whereas  thofc 
of  the  fpring  have  only  power  to  hurt  the  buds. 

The  winter  frofts  happen  at  a  time  when  moft 
of  the  trees  have  neither  leaves,  flowers,  nor  fruits 
upon  them,  and  have  their  buds  fo  hard  as  to  be 
proof  againft  flight  injuries  of  the  weather,  efpC'- 
eially  if  the  preceding  fummer  has  hot  been  too 

wet. 


Nature  and  Properties  of  Water.      47 

vet.  Hard  frofts,  which  happen  late  in  the  winter, 
caufc  very  great  injuries  even  to  thofe  trees  which 
they  do  not  deftroy. 

It  is  not  the  fe'verefi  cold  or  meft  fixed  fnfi  that: 
does  the  greateft  injury  to  vegetables.  Though  this 
obfervaiion  is  diredtly  oppofed  to  popular  opinioHjr 
it  will  be  found  not  lefs  true,  nor  any  way  repug- 
nant to  reafon.  It  is  humidity  that  makes  froft  fatal 
to  vegetables,  and  therefore  every  thing  that  can 
occaiion  humidity  expofes  them  to  thcfe  injuries. 
It  is  well  known»  that  vegetables  always  feel  the  froft 
very  defperately  in  low  places  where  there  are  fogs. 
The  plants  which  ftand  by  a  rivtr  lide  arc  often  de- 
ftroycd  by  the  fpring  and  autumnal  frofts;  whilft 
thofe  of  the  fame  fpecies,  which  ftarrd  in  a  drier 
pUce,  fuffer  but  little,  if  at  all.  The  low  and  wet 
parts  of  forefts  produce  worfe  wood  than  the  high 
and  drier.  The  coppice  wood  in  wet  and  low  parts 
of  conunon  wbods,  though  it  pufh  out  at  firft  more  ' 
vigoroufly  than  that  of  other  piaceSj  yet  never  comes 
to  fo  good  agrowth;  for  the  froft  of  the  fpring  kil- 
ting thefc  early  top  fhoots,  obliges  the  lower  parts 
of  the  trees  to  throw  out  lateral  branches.  Frolt 
feldom  hurts  the  late  flioots  of  vine  or  flower 
buds,  except  when  it  follows  heavy  dews,  or  a  long 
rainy  feafon,  and  then  it  never  fails  to  do  great 
mifchief. 

Froft  does  more  mifchief  on  newly  cultivated 

t round  than  in  other  places,  becaufe  the  vapours 
nd  an  eaiier  palTage  there  than  from  other  places. 
Trees  newly  cut  fuffer  more  than  others  by  fpring 
frofts,  becaufe  they  (hoot  more  vigoroufly.  Side 
fhoots  of  trees  are  more  fubjeft  to  futFer  from 
fpring  frofts,  than  thofe  at  the  top;  in  general,  the 
ctfeiSts  of  the  fpring  frofts  are  much  greater  near 
the  ground  than  clfewhcre. 

On  the  fame  principles  you  may  explain  why 
the  fouth  lides  of  trees  are  more  damaged  by  a 

fevere 
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fevere  froft  than  the  north,'  Great  damage  is  allb 
done  to  the  weftern  fide  of  trees  .and  plantations, 
when  after  a  tain  with  a  weft  ivind,  the  wind  turn» 
abqut  to  the  north  at  fun-fet,  which  is  common  in 
fpring  ;  or  when  the  ealt  blows  upon  a  th'ck  fog 
before  fun-rifing. 

In  the  ftate  of  the  atmofphere  we  denominate 
a  froft,  there  is  an  intimate  union  between  the  air 
and  the  water  in  the  air;  tiierefore  except  in  high 
latitudes,  frofty  weather  is  generally  clear.  When 
fuch  an  union  takes  place,  either  in  winter  or  fum- 
mer,  the  atmofphere  is  inclined  to  abfsrb.fire,  and 
consequently  to  produce  froft.  Thus  in  clear  fet- 
tled weather,  even  in  fummer,  though  the  day  may 
be  exceffive  hot,  yet  the  mornings  and  evenings  are 
extremely  cold. 

■  The  air  in  frofty  weather,  or  clear  dry  wea- 
ther, being  always  ready  to  abforb  fire  from  every 
fubftance  in  cdntajft,  muft  of  courfe  abforb  part  of 
that  contained  in  the  vapour,  which  floats  in  it's 
bofom. 

Though  vapour  is  capable  of  becoming  much 
colder  than  water  without  being  frozen,  yet  by 
a  continual  abforption  it  muft  at  laft  part  with 
it'fl  latent  jire,  i.e.  what  is  e0ential  to  it's  cxiftence 
as  vapour,  and  without  which  it  is  no  longer  va- 
pour, but  water  or  ice.  When  a  froft  has'acquired 
a  certain  degree  of  intenfity,  then  the  vapours  every 
where  difpcrfed  in  the  air  give  out  their  latent 
fire,  the  atmofphere  becomes  clouded,  the  froft 
cither  goes  oft'or  becomes  milder,  and  the  vapour 
defcends  in  rain,  hail,  or  fnow,  according  to  the 
difpofition  of  the  atmofphere. 

To  MAKE^ICE. 

In  many  countries  the  warmth  of  the  climate 

renders  ice  not  only  a  defirable,  but  even  a  necef- 

fary  article;  fo  that  it  becomes  an  objed  of  fomc* 

confi»3uen<;e 
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confeqiience  ro  fall  upon  a  ready  antj  cheap  method 
of  procuring  it.  .  Though  the  cheapcft  method 
hitherto  difcovered.-feems  to  be  that  by  means  of 
ia!>immoniac  or  Glauber's  fait ;  yet  it  may  not  he 
amifs  to  take  notice  of  fome  attempts  made  by 
•Mr.  Cavallo,  to  difcovcr  a  method  of  producing  a. 
fufficient  degree  of  cold  for  thjs  purpofe  by  the 
/wij^aru/zew  of  volatile  liquors.  He  found,  how^ 
ever,  in  the  courfc  of.thefe  experiments,  that  ether 
was  incomparably  fuptfrior  to  any  other  fluid  in  the 
degree  of  cold  it  produced.  The  price  of  the  li- 
.quer  naturally  induced  him  to  fall  upon  a  method 
■  of  ufing  it  with  as  little  wafte^s  poftible. 

The  apparatus  foruijngthcieaft  poflib!cquaii-!> 
tity  of  ether  for  freezing  yi-ater,  confifts  in  a  glafs 
tube  terminating  in  a  capillary  aperture,  which  i» 
to  be  fixed  upon  the  bottle  containing' the  cthtt. 
Round  the  lower  part  of  thjE  neck  fome  thread  is 
wound,  in  order  to  let  it  fill  the  neck  of  the  bottle. 
When  the  experiment  is  to  be  made,  the  ftopper  of 
fhc  bottle  containing  die  ether  is-  to  be  removed, 
.  and  the  pube  juft:  mentioned  put  in  it's  room.  The 
thread  round  the  tube'  ought  alfo  to  be  previoufly 
|iK>iftened  with  water  before  it  is  put  in  the  neck 
of  the  bottle,  in  order  th«  more  eflfetftually  to 
prevent  the  efcape  of  the  ether  betwixt  the  neck 
^f  the  phial  anii  tube.  Holding  then  the  bottle 
by  k.-s  bottom,  and  keeping  it  inclined,  the  fmal) 
^ream  of  ethcf  ifluing  out  of  the  aperture  of 
the  tube,  is  dircfted  Mpon  the  ball  of  the  thermo- 
fatxcr,  or  upon  a  f  ube  containing  water  or  other 
liquor  that  is  required  to  l^  cbngealctl.  As  ether 
fs  very  volatile,  and  has  the  remarkable  property 
of  increafing  the  bulk  of  air,  there  is  no  ape'rturt 
nequiiite  to  allow  the  air  to  enter  the  bottle  vhile 
jhe  liquor  flows  put.-  The  heat  of  the  hand  is 
imore  than  fufficient  to  force  out  ^  e(hcr  it^  a 
'continued  ftfeara  a$  ;he  aperture, 
■  Yoi.  llf  E      ^  Jn 
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In  this  manjicr.  by  throwing  the  ftream  of  ether 
upon  the  ball  of  a  thermometer  in  fuch  a  quantity, 
tbat'  a  drop  might  now  and  then,  every  lo  feconds 
for  inftance,  fall  from  the  bulb  of  the  thermometer, 
Mr.  Cavallo  brought  the  mercury  down  to  3°,  or 
19°  below  the  freezing  point,'  when  the  atmofpherc 
was  f(»newhat  hotter  tban  temperate.  When  the 
ether  .is  very  good,  i.e.  capable  of  diflblving  elaflic. 
gum,  and  has  a  fmall  bulb,  not  above  20  drops  of 
it  are  rciijuired  to  produce  this  effect,  and  about 

-  two  minutes  of  time :  but  the  common  fort  mull 
be  ufed  in  greater  quantity,  and  for  a  longer  time ; 
though  at  laft  the  thermometer  is  brought  down  by 
this  very  nearly  as  low  as  by  the  befl:  Ibrt. 

The  proportion  of  ether  requifite  to  congeal 
water,  feems  to  vary  with  the  quantity  of  the  lai-, 
ter ; .  that  is,  a  large  quantity  of  water  feems  to  re- 
quire a  proportionably  lefs  quantity  of  ether  to 
freeze  it  than  a  fmallcr  one.  "  In  the  beginning 
of  the  fpring  (fays  Mr.  Cavallo)  I  froze  a  quarter' 
of  an  ounce  of  water  with  about  half  an  ounce  of 
eth<;r;  the  apparatus  being  larger,  though  Similar 
to  that  defcribed  above.  Now  as  the  price  of  ether 
fufBciently  good  for  the  purpofe,  is  generally  about 
18  p^nce  or  two  fhiUings  per  ounce;  it  is  plain. 

'  that  with  an  expence  under  two  Ihillings,  a  quar- 
ter pf  an  ounce  of  ice,  or  ice  cream,  mjgr  be  made 
in.  every  climate,  and  at  any  time,  which  ni^pk 
afford  great  fatisfa^bon  tathoie  perfons,  who,  liv- 
ing in  places  where  no  natural  ice  is  to  be  had, 
never  faw  or  tafled  any  fuch  delicious  refrelhment. 
When  a  fmall  piece  of  ice,  for  inftancc,  of  about 
ten^grains  weight,  is  required,  the  neccllary  appa- 
ratus is  very  fmall,  and  the  expence  not  worth  men', 
tioning.  A  fmall  box  four  inches  and  a  half  long, 
two  inches  broad,  and  one  and  a  half  deep,  contains 
alt  the  appiiratus  neceflary  for  this  purpofc ;  viz.  a 
bottle  capable  of  containing  about  ofie  ounce  of 
.      elbfrj 
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<ther;  tvo poinded  tubes>  itlcifeonefhouldbrsak;) 
tube  in  which  the  water  U  to  be  frozen,  ar)d  %  wire. 
With  the  quantity  of  efher  contained  in  this  fmal| 
9nd  very  portable  apparatus,  the  cxperimeiit  may 
be  repeated  abiouj:  ten  times.  A  perlon  who  wifhes 
to  perform  fijch  experiments  in  hot  climates,  and 
in  places  where  ice  ;s  r)o.t  eafily  procured,  requires 
ajxly  a  larger  bottle  of  ether  bpfides  the  whole  zp- 
paratus  described  abovf , 

To  PRODUCE  A  C.R.I4T  DeCR.ee  OF  COLD. 

The  poip^  of  .producing  cold  belongs  parti- 
ciflarly  to  bodies  of  the  faline  clafa.  In  a  paper  of 
the  Phiiofophical  Tranfailions,  Mr.  GeofFroy  gives 
an  account  of  fome  remarkable  experiments  with 
regard  to  the  produftion  of  cold.  Four  ounces  ot 
ial-ammoniac  djfTolvcd  iti  a  pii)t  of  water,  made 
his  thermometer  defcend  two  inches  and  three 
fluarters  in  lefs  than  fifteen  minutes.  An  ounce  of 
fne  fanw  fait  put  into  four  or  five  ounces  of  diftil- 
]ed  water,  nuide  the  thermometer  defcen4  ^wq 
inches  and  a  quarter.  .Half  an  oui>ce  of  r?l-am-' 
moniac  mixed  with  jhree  ouijces  of  fpirit  of  ijitre,' 
ihadc  the  thermometer  defcend  %vf9  jnches  and 
five  lines ;  but  on  ufing  the  fpirit  of  vUjioI  jnftead 
of  nitre,  it-  Cmlc  two  inches  and  fi?  lines.  }n  (his 
laft  experiment  it  wys  remarked,  that  the  vapours 
iiaifed  from  the  mixture  h^d  a  CQnnde;:able  degree 
of  heat,  though  the  liquid  itfelf  w^s  fo  extr^nely 
cold.  Four  ounces  of  fattr-petre  mixed  with  a  pinjC 
,of  water,  funk  the  thermometer  ope  inch  three 
ijncs.;  but  a  like  quantity  of  fp a-fal;  funk  it  only'. 
<wo  Jines.  Acids  always  produced  heat^  even  com- 
mon fait  with  it's  own  fpirit.  Volatile  alkaline  fajts ' ' 
produced  cold  in  proportion  to  thek  purity,  but 
£]cedi^kilineshc(tf. 

.......Google 


51       Lic*rRE3  ON  Natpral  PHitofOPwr, 

If,  inftead  of  making  thcfe  experiments^  how- 
ever,  wiih  fluid  water,  we  take  it  in  it's  congealed 
ftate  of  ice,  or  rather  fhow,  degrees  of  cora  will 
be  produced  vaflly  fuperior  to  any  we  have  yet 
mentioned.  A  mtxture  of  faow  and  common  fait 
-  finks  FahrciJicit's  thermometer  to  O;  pot-afhes 
and  powdered  ice  fink  it  eight  degrees  farther ;  two 
effufions  of  fpirit  of  fait  on  pounded  ice  fink  it  mtirc 
than  147'  below  o.  This  is  the  ultimate  degree 
of  cold  that  the  mercurial  thermometer  will  mea- 
fuce,  becaufe  the  mercur>'  itfclf  then  begins  to 
congeal;  and  therefore  we  muft  afterwards  have 
fecourfe  to  fpirit  of  wine,  naptha,  or  fome  other 
fluid  which  wiH  not  cwigcat.  The  greateft  degree 
of  cold  hitherto  producible  by  artificial  means  has 
been  80°  below  q;  which  was  done  at  Hudfo^'4 
Bay  by  means  of  fnow  and  vitriolic  acid,  the  ther- 
mometer ftanding  naturally  at  20°  below  o.  Greater 
degrees  of  cold  than  this  have  indeed  been  fup- 
pofed.  Mr.  Martine,  in  his  treatifeonheat,  relates^ 
that  at  KirLinga  in  Siberia,  the  mercurial  thermo- 
iheter  funk  to  riS"  below  o;  and  Profeffbr  Brown 
at  Peterfbiirg,  when  he  made  the  firft  experiment  of 
Congealing  quickfitver,  fixed  the  point  of  congela- 
tion at  350'  below  O;  but  Dr,  Black,  as  foon  as 
the  experiment  was  made  known  in  this  country, 
obfervcd,  that  in  all  probability  the  point  of  con- 
gelation was  far  above  this.  His  reafon^  for  fup- 
pofing  this  to  be  the  cafe  were,  that  the  mercury 
tTcfcendcd  regularly  oilly  to  a  certain  point,  after 
ifrhich  it  wourd  defcend  fuddcnly  and  by  ftarts 
<o6. degrees  ait  a  time.  This,  he  conjcftured, 
rtight  procee'd  from  the  Irregular  contraflion  of  the 
metal  after  itjwas  congealed ;  and  he,obferved,  thac 
there  was  one  therrnometer  employed  in  the  expe- 
rlmcitt  which  was  riot  frozen,  »nd  which  did  not 
defcend  fo  low  by  a  great  many  dogrces.  £xpe- 
'  ,  '  ritacc 
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rijence  has  4ince  verified  his  conjcQmrc:  and  it. is 
now  generally  known,  that  40°  below  o  is  the  freez- 
ing point  of  quickfilver. 

Since  the  difcovery  of  the  poflibilicy  of  pro- 
ducing cold  by  artificial  means,  various  experi- 
ments have  been  made  on  the  efficacy  of  faliiie 
fubftances  in  this  way ;  all  of  which,  when  properfy 
applied,  arc  found  to  have  a  confiderable  cfegree  of 
power.  Dr.  Bocrhaave  found,  that  both  lal-am- 
jnoniac  and  nitre,  when  well  dried  in  a  crucible, 
and  reduced  to  fine  powder,  will  produce  a  greater 
degree  of  cold  than  if  rhey"had  not  been  treated  in 
this  manntr.  His  experiments  were  repeated  by 
Mr.  Walker,  apothecary  to  the  Radcliffe  Infirmary 
in  Ox  ford,  with  the  fame  rcfult ;  but  he  found,  that 
his  thermometer  funk  ji'  by  means  of  a  Iblution 
<Lf  fal-ammoniftc  5  when  Boerhaave's,  with  the  fame, 
fell  only  28°.  Nitre  funk  it  19°.  On  mixing  the 
two  falcs  together,  he  found  that  the  power  of  pro- 
ducing cold  was  confiderably  incrcafcd.  By  equal 
parts  of  thefe  fairs,  he  cooied  ftanc  water  to  22", 
the  thermometer  (binding  at  47°  in  the  open  aii". 
Adding  to  this  fome  powder  of  the  fame  kind,  and 
inunerfing  two  fmali  phials  in  the  mixture,  one 
containing  boiled  and  the  other  unboiled  water^  he 
foon  found  them  both  frozen,  the  unboiled  water 
freezing  firft. 

'Themoft  remarkable  experiment,  however,  was 
with  fpirit  of  nitft  poured  on  Glauber's  fait,  the 
efFeft  of  which  was  found  to  be  fimilar  to  that  of 
the  fame  Ibirit  .poured  on  ice  or  fnow;  and  the  ad- 
dition of  lal-ammoniac  rendered  the  cold  ftill  more 
intenfc.  The  proportions  of  thefe  ingredients  re- 
commcncTed  by  Mr.  Walker,  are  concentrated  ni- 
-•trous  ^cid  t^o  parts  by  weight,  water  one  part-;  of 
this  mixture  cooled  to  the  temperature  18  ounces, 
of  Glauber's  fait  a  pound  and  an  half  avoirdupois, 
^d  of  fal-ammoniac  is  ounces.  On  adding  the 
E  2  Glauber 
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Glauber's  (alt  to  the  nitrous  acid,  the  thermomet^ 
fellfroi)!  50* to  — i%or  52  degrees:  and  on  the  ad- 
.  dition  of  the  fal-ammoniac,  to  — 9".  Thus  Mt. 
Walker  was  able  to  freeze  quiclcfjlvef  without  ci- 
'  ther  ice  or  fnow,  when  the  thermometer  flood  it 
45".  For  the  experiment  four  pans  were  procured 
of  different  fitcs,  fo  that  one  might  be  put  within 
the  other.  The  largeft  of  thefe  pans  was  placed 
in  a  veffel  ftili  larger,  in  which  the  materials  fOr 
the  fecond  frigorific  mixture  were  thinly  fpread  in 
order  to  be  cooled ;  the  fecond  pan,  conuining  the 
liquor,  viz.  the  vitriolic  acid  properly  diluted,  wis 
placed  in  the  largeft  pan  ;  the  third  pan,  containing 
the  fatts  for  the  third  mixture,  was  immerfed  in 
the  liquor  of  the  fecond  pan ;  and  the  liquor  for 
the  third  mixture  was  put  into  wide-mouth  phials^ 
'■which  were  immerfed  in  the  fecond  pan  likewifb^ 
and  floated  round  the  third  pan ;  the  fourth  pan, 
which  was  the  fmallcn:  of  alt,  containing  it's  cool- 
ing materials,  was  placed  in  the  midft  of  the  falts 
of  the  third  pan.  The  materiiils  for  the  iirfl  and 
fecond  mixtures  confifted  of  diluted  vitfiolic  acid 
and  Glauber's  fait )  the  third  and  fourth  of  diluted 
nitrous  acid,  Glauber's  fait,  and  fal-ammoniac,  in 
the  proportions  above-mentioned.  The  pans  being 
adjufted  in  the  mariner  already  mentionnl,  the  ma- 
terials of  the  ftrft  and  largeft  pan  were  mixed :  this 
reduced  the  thcrmoitieter  to  i  o**,  and  cooled  the 
liquor  in  the  fecond  pan  to  10%  and  the  falts  for  the 
fecond  mixture,  which  were  placed  underneath  in 
the  large  velTcl,  nearly  as  ftiucji.  The  fecond  mix- 
ture was  then  made  with  the  matet-iAls  thus  cooled. 
and  the  thermometer  was  reduced  to  3".  The  in- 
gredients of  the  third  tnixture,  by  immeHion  in 
this,  were  cooled  to  i©%  and  when  iffixed,  ftduced 
the  thermometer  to— 15*.  The  materials  for  the 
fourth  mixture  were  cooled  by  immerfion  in  this 
thirdmixturf  to  ^bout  — 1 2'.  On  mixture  they  funic 
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.the  mercury  very  rapidly,  and  feemingly  below — 40*, 
though  the  froth  occalioned  by  the  ebullition.of  the 
materials,  prevented  any  accurate  obfervation.  The 
reafon  why  this  laft  mixture  reduced  the  thermo- 
meter more  than  the  third,  though  both  were  of 
the'fame  materials,  and  the  latter  of  fi  lower  tem- 
perature, was  fuppofed  to  have  been  partly  becaufe 
the  fourth  pan  had  not  another  immerfed  in  it  to 
give  it  heat,  and  partly  bei.-aiife  the  materials  were 
reduced  to  a  finer  powder. 

The  experiments  were  fepeatcd  with  many  va- 
riations; but  only  one  mixture  appeared  to  Dr.  - 
Beddows,  by  whom  the  account  was  communicated 
to  the  Royal  Society,  to  be  applicable  to  any  ufe- 
ful  purpofe.  This  is  oil  of  vitriol  diluted -with 
aboutanequalquantity  of  water;  which,  by  diflblv- 
ifg  Glauber's  fait,  produces  about  46°  of  cold, 
and  by  the  addition  offal-ammoniac,  becomes  iqore 
intenfc  by  a  few  degrees.  At  one  time,  when  Mr. 
Walker  was  trying  a  mixture  of  two  parts  of  oil  of 
.vitriol  and  one  of  water,  he  perceived,  that  at  the 
temperature  of  35",  the  mixture  coagulated  as  if 
frozen,  and  the  thermometer  became  ftationary  ^ 
but  on  adding  more  Glauber's  Dtlt,  it  fell  ^ain  in 
a  Ihort  time:  but  lefs  cold  wjis  produced  than 
when  this  circumstance  did  not  occur,  and  when 
the  acid  was  weaker.  The  fame  appearance  of 
coagulation  took  place  with  other  proportions  of 
acid  and  water,  and  with  other  temperatures. 

It  is  obfervablc,  that  this  efFed  of  Glauber's 
fait  in  producing  cold,  took  place  only  when  if 
was  poffcITed  of  it's  water  of  cryftallization;  and 
thus  the  mineral  alkali  alfo  augmented  the  cold  of 
'  fome  of  the  mixtures:  but  whenthewaterof  cryftal-* 
HzatifHi  was  ^iffipated,  neither  of  them  had  an/ 
fffc&  of  this  kind. 
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-An  Abstract  ofM.  de  Luc's  View  ot  GeNSRAi 

CmMtSTRV,    OEDtrCED    FROM   COKSIDCRINO    THt 

■  Change  or  Ice  iwto  Water,  and  Watir  int* 

Thefe  is  lid  phenomenon  more  iri^ttant  thart 
■the  change  of  ice  into  water,  and  of  water  iniO  ite* 
Thoiffih  I  have  already  conlidered  this  phenomc' 
iion,  I  ihall  het-e  aglin,  after  M.  de  Luc,  analyfe 
it  mforeparticularlyj  in  order  to  Ihew  you,  that  it 
includes  the  important  bafis  of  general  cbemifiry4 
The  various  operations  of-chemiftiy  may  be  rr- 
4iuced  to  the  uniting  ot  Jeparating  of  fubftances  I 
their  general  Immediate  caufc  arifes  from  the  dif^ 
fcrcht  tendencies  of  the  particles  which  compofc 
thofe  different  fuGftanccs  :  and  the  changes  whifh 
haj^en  in  theft  phenomena  are  produced  bythe 
jchai^es  that  the  particles  undergo  in  their  conqJo- 
"fition.  Nowas  the  phenomena  of  -water  and  iei 
inchide  all  thefe  different,  kinds  of  modifications, 
"they  tvill  fiirnifti  you  with  i  clear  and  very  impor- 
tant idea  of  the  kind  of  change  ivhich  is  the  fouree 
of  cbrtnicel  pbenmeiidi 

NoV  with  rcfped  to  ice :  r .  It's  particles  can- 
hot  be/i'/'iirarr^withouta  fenfiBlc  effort.  2.  When 
troken,  the  portions  thereof,  although  brought 
Jwithin  the  fmallcft  poflible  dijianee  of  each 
other,  fliew  no  teHdetuy  to  unite.  3.  When  frag- 
tnents  of  ice  art  laid  in  beaps,  the  rcfpcftive  ad^ 
^ereiue  of  the  particles^  joined  to  their  fefiflarice 
'to  motion,  makes  them  remain  in  the  fame  pofi- 
"tion  in  which  they  have  been  placed.  Thcfcare 
■flrftnglytnarkcd  chemical  properties,  and  the  fob- 
ttance  cannot  be  deprived  of  thetii,  unleis  the  par* 
tielts  Undetgo  in  eucntiitl  change. 

Watcfi  if  yttu  were  only  to  judge  of  it  \sf 

tvtigbt,  would  be  jce  itfcif,  for  the  transformation 

ii  made  without  ariy  difctrhible  change  in  weigbti 

though 
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though  very  grctt  thanges  havb  taken  place  in  the 
fimdgrahle  panicles i  for,  i ^  They  tnay  be Jieparatti 
■with  the  greatett  cafe,  their  refi-ftance  to  leparatioB 
being  aknoft  infenfible.  a.  They  have  a  tendeiKqr 
towards  each  other  even  at  i  fcnfiblediftance';  hence 
fmall  malTest  wheA  free,  coelefce,  and  formaif^e^ 
-rical  drop,  the  inoment  they  touch  j  and  this  -is  -nOr 
the  eftc<5t  of  gravity,  but  contrary  to  it.  3.  Thefe 
ntw pai^licies  Aide  fo  ealily  one  over  the  other^  tha(* 
excepting  the  above-mentioned  fmall  maffes,  they 
cannot  now  be  laid  in  heaps;  -but  yield  inifnedi- 
Ately  to  the  eiforts  of  gravity,  and  always  becomt. 
ievel.  Let  us  now  conHder  how  thefe  chttices  in 
the  particles  of  ice  are  accounted  for.  Philofo- 
phers  are  unanimous  in  allowing  that  thefe  chaagcs 
are  occasioned  by  fre,  a  fubftance  'without  weight. 
«The  quantity  of  this  fubftance  that  produces  this 
ciTeit,  is  fufficiently  cbara<itepized  by  it's  peculiar 
{>roperties ;  but  after  this  change,  thefe  properticB 
are  no  longer  exercifed,  becaufe  the  .particles  df 
-iire  are  combined  with  thofe  of  ice.  It'  is  this 
combination  that  occafions  the  chemical  cbaijgo 
juft  defcribed-  Now  thefe  changes  are  as  effcatial 
with  refpe<%  to  phyftcal  principles,  :as -any  other  ia 
the  art  of  chemiftfy;  fo  that  unlefs  eftabliflted 
fafts  {hould  lead  us  to  aHien  a  fenlible  weight  to 
«cher  fubftances  which  moatfy  thefe- eilcdts  in  wa. 
cer,  this  example  alone  would  auchorife  us  incoft- 
jidering  thefe  new  fubAances  as  impondtrmbie,  ae 
without  weight, 

Beftdes  the  above-mentioned  chem.icalpheiw- 
ymeta,  relative  to  water  and  ice,  there  is  another 
Very  important  one,  -which  will  ferve  as  a:  point  itf 
comparifon.  We  -^kI  from  thefe.  phenomena  bot 
bne  pmdembhe  fubflxuice^  known  -by  kfaernanle  of 
watef,  and  an  imponderable  fubftance  -«aUed  jfiv. 
^low  when  the  particles  of  watferareina /if«/</ 
fiv/e,  a  ibte  produced  by  their  im/mi  with  ^re,  « 

certain 
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'certain  diminution  in  the  quantity  of  free  fire  will 
bring  them  to  fuch  a  minimum  of  diflance,  and  zr- 
langement  in  pofition,  that  they  will  unite  in  a 
determined  form,  and  quit  the  jire  which  rendered 
them  liquid  :  or  inverfely,  when  the  particles  of 
water  arc  formed  into  ice,  if  the  quantity  of  free 
fire  interpofed  therein  be  fuBicient  to  feparate 
themi  it  then  combines  with  thcfe  particles,  and 
conftitutes  water;  this  may  be  called  the  _^«  o/"//- 
quifa^ion. 

Now  every  attentive  philofopher  muft  ac- 
knowledge that  thefe  are  great  phenomena,  brought 
about  by  the  combination  of  two  fubftances,  one  of 
-which  is  without  weight;  and  that  thefe  pheno- 
mena are  probably  the  general  charaftcrs  of  a  par- 
ticular clafs.  It  is  to  be  regretted  that  the  pos- 
derable  fubftance,  which  is  common  both  to  water 
and  ice,  has  not  a  peculiar  and  appropriate  name, 
for  this  fubftance  belongs  alfo  to  aqueous  vapours. 
Mt.  de  Luc  was  once  inclined  to  diftii^ifti  it  by 
The  term  humor.  You  will,  I  hope,  be  careful  to 
diftinguifli  the  cafes  in  which  I  fliall  fpeak  of  water 
-u  t  fubftance  modified  neither  by  fire,  nor  by  any 
other  fubftance.  To  render  you  more  attentive  to 
this  diftindion.  I  ftiall  fometimes  ufe  the  word  hu- 
mor. 

'The  foregoing  analyfls  will  enable  yon  more 
clearly  to  comprehend  the  nature  of  menfirua,  a 
"clafs  of  fubftances  of  which  the  knowledge  is  very 
important.  I  ftiall  confine  myfeif  to  a  few  in- 
Ibutces. 

The  name  of  acids  has  been  given  to  liquid 
Abfiancea,  which  feem  to  be  nothing  more  than 
~water  joined  to  certain  imponderable  particles.  Thus 
acid  liquors  are  to  be  diftinguilhed  from  the  acids 
themfclves. 

The  general  phenomena  of  acid  liquors  are  the 

■Mfinitiet    exercifcd    by    their  panicles,    as  well 
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atnongft  themfelves  as  upon  other  fubftaDces.  But 
water  (conHdered  here  as  humor)  being  united 
to  fire,  exercifcs  certain  affinities,  as  well  in  itfelf 
as  upon  other  fubftances  :  other  particles,  therefore. 
as  imponderable  ai  fire,  may  produce  fuch  changes 
therein  as  may^  alter,  in  fome  relpe<5h,  it's  natural 
affinities ;  and  we  arc  authorized  to  think  that  this 
is  the  cafe,  unlefs  the  fuppofition  be  contradidcd 
by  fafts. 

To  fee  thid,  let  m»  examine  the  formation  of 
acid  liquids,  and  alfo  their  different  produAs. 
Now  when  acid  liquids  are  formed,  we  have  every 
reafon  for  fuppofing  the  prefence  of  -water,  eidier 
in  the  folid  or  liquid  fubftances  employed,  or  in  the 
vital  or  atme/pberie  air,  which  on  decompofition  U 
*joined  thereto.  Thofe  who  adopt  the  hypothefis 
of  M.  Lavoijier  may  object  to  the  prefence  of  wa- 
ter ia  thefe  airs :  .for  in  the  combuftion  of  fulphur, 
orphofphorus.&c.  theyconfider  vital  air  as  the  aa- 
difyittg  vtmcinle,  and  the  fubftances  as  acidijiatU 
bafea.  But  this  fuppofitioa  is  neither  necelFary  nor 
natural.  It  is  not  neceflary,  becaufe  the  phenome^ 
na  may  be  as  well  explained  without  it.  If  there 
be  a  lufficicnt  quantity  of  vital  air,  all  that  we 
perceive  is,  the  produd:ion  of  an  acid  liquor;  i. e. 
(according  to  our  opinion]  a  quantity  of  water 
whofe  particles  are  united  to  an  acid.  Nowif  water 
is  the  pcnderable  6art  of  all  aeriform  fluids,  an  hypo- 
thefis  which  is  fumcient  to  account  for  eveiy  chemi- 
cal phenomenon,  and  is  the  only  one  that  accords 
with  meteorological  phenomena;  it  is  cafy  to  con- 
ceive, that  on  the  decompofition  oi vital  air,  a  quan- 
tityofwaterunitedioacid  particles  maybe  liberated. 
For '  example,  we  confider  fulphur  as  containing 
an  acidy  pblogijion,  jire,  water,  and  other  unknown 
ingredients,  combined  together  in  7^  folid  form  (of 
which  I  Ihall  treat  hereafter) :  that  vital  air  con- 
Jains  water  and  fire^  which  at  a  certain  degree  of 

heat 
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-heat  acquire  the  power  of  UDiting  w'uhpbtggiJoKt 
.and  thus  you  perceive,  9s  far  as  it  is  poflible  to  fee 
into  jmiure,  why  on  the  dccompoution  of  ihefe 
two  ctmpounds  by  comkuftion-,  a  liquor  rcfults,  in 
which  the  particles  of  water  are  united  to  an  acid, 
diftinguiflied  by  the  name  of  the  vitriolic^ 

With  refpe<a  to  the  French  hypothefis,  it 
Aiould  feem,  that  every  man  would  confider  hiini- 
felf  as  relieved  of  a  burden,  when  he  found  it  no 
, longer  neceflary  to  admit  a  fubftance,  which,  with- 
out being  acid  itfdf,  wa<  yet  the  caufe  of  acidity. 
Further,  though  acids  may  be  fuppofed  to  cxift, 
-they  can  only  ^St  in  liquids^  or  expanfible  fluids.. 
.So  that  thefe  operations,  inftead  of^  furnifhmg  us 
-with  an  idea  of  acidification,  of  which  we  have  no 
conception,  leads  us  only  to  confider  thefe  acids  as 
liberated,' and  enabled  to  ad;  hy  their  union  with  .a 
liquid. 

It  may  therefore  be  afTerced,  with  confidence, 
-till  fomethitig  more  folid  is  produced,  that  the 
-operations  by  which  acid  liquids  are  formed,  con- 
lift  in  liberating  water  and  the  acid  particles  from 
'^thetr  preceding  combinations;  and  thus  to  pro- 

':^ce  fDacer  charged  with  certain  particles  to  which 
no  weight  can  be-alTigned,  and  which  are  only  dif- 
■cerned  ■by  their  properties  in  the  fubftances  con- 
•caining  them.  Now  as  Toon  as  the  water  thus  mo- 
dified receives  the  flye  0/  liquifaSient  it's  particle* 
fceit^  free  to  foUow  their  tendencies,  enter  into 

.  now  combtnacions,  by  means  of  the  acid  particles 
fnoBi  ^vhioh  it  has  received  thefe  new  faculties. 

■  -Let  us  then  puriue  thefe  particles  in  the  cxercife 
of  their  acquired  tendencies ;  and  firft  in  the  phe- 
-nomena^of  the  eMgelalion  and  liqui/aliion  of  the 
liquids  they  form. 

The  -wattr  oificid  liquors  prefcrves  it's  general 

£icultx  of  exifting,    according  to  the  difference 

■of  temperature.  In  a  iblid  or  liquid  form ;  but  it 
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has  undergone  two  changes,  one,  by  which  it*s  par- 
ticles do  not  abandon  the  firf  of  liquif a£IioH,. hut,  by 
a  greater  diminution  ef  btai  ;  by  the  othcrj  wh^ 
they  do  abandon  it  and  unite,  they  alTume  a  dif- 
ferent arrangement.  Here  wc  only  perccivedifFer- 
ent  fpecific  characters  of  the  fame  gencrical  modi-  . 
ficaiion.  The  particles  of  waicr  (humorj  whether 
alone,  or  whether  combined  with  an  acid,  can 
unite  with  the  fire  of  liquifadlion  ;  but  in  the  laft 
ftate  they  preferve  it  in  a  lower  degree  of  heat  i 
and  when  they  lof«  it,  inftead  of  grouping  them- 
fclvcs  like  pure  water  in  a  form  in  which  their 
volume  is  increafedj  they,  on  the  contrary,  occupy 
fomewhat  lefs  room. 

By  the  experiments  of  Mr,  M'Nab,  at  Al- 
bany^  in  Hudfon's-Bay,  we  find,  that  fpirit  of 
nitre  undergoes,  according  to  it's  degrees  of  act" 
dity,  two  kinds  of  congelation^  diflinguifhed  by 
Mr.  Cavendifh  into  the  aqueous  and  fpirituous. 
In  the  firft,  the  ice  being  produced  by  the  pure 
vater,  fwims  above  the  reu  of  the  liquid;  in  the 
other  the  liquid  itfelf  freezes,  and  the  ice  thereof 
falls  to  the  bottom  of  the  part  yet  liquid..  In  the 
lift  phenomenon  the  point  of  congelation  changes 
M'ith  the  degree  of  acidity,  but  is  far  from  follow- 
ing the  laws  thereof. 

Mr.  Cavendifh  had  determined  by  other  ck- 
periments,  that  the  true  point  of  congelation  can- 
not be  obtained,  but  by  preferving  therein  fbiric 
icicles  of  a  former  congelation.  It  is  thus  that  the 
point;  of  congelation  in  the  following  table  were 
determined  :  the  degrees  of  acidity  of  the  fpirit  of 
nitre  are  exprcfTed  by  the  quantity  in  weight  of 
marble  it  was  able  to  difiblve,  compared  with  it's 
own  weight.  The  thermometer  ufed  was  on  the 
fcale  of  Fahrenheit  j  the  corrcfpondent  terms  are 
the  refults  of  experiments,  reduced  to  a  regular 
ftries  of  degrees  of  acidity. 

SpiritnOHt 
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Spirituous  CangelatioTt. 

Dt|reM  of  Point  oT 

—45-5 
—30.1 

—  1 8.1 
—9-4 
—4.1 

—  2.4 

—4.2 

—9-7 

— 17.7 

—  27.7 
—44.1 


0.538 
0.505 
0.478 

a44S 
0.418 
0.38S 

0-358 
0.328 
0.298 

0.243 


DcfTMl  of  Poinr  of 


6.243      - 
0.210      - 


—44-2 

—  17,0 


beginning  of  the  aqueous 
congelation. 
From  thefe  phenomena,  analyfcd  according 
^oMr.de  Luc's  theory,  it  appears,  i  ft.  That  by  a  ■ 
degree  of  acidity  =  568,  fire  may  remain  com- 
bined with  the  partidcs  of  water  (humor)  even 
as  low  as  — 45,5  of  Fahrenheit.  2dly,  That  as  the 
degree  of  acidity  is  fuccelTively  weakened,  the 
particles  of  water  acquire  the  faculty  of  uniting  at 
higher  temperatures,  and  of  quitting  the  fire  of 
UquifaUim ;  but  this  progrcfs  towards  a  maximum, 
which  is  at  a  degree  of  acidity  nearly  a  mean 
between  the  two  terms  of  fpirituous  congelation, 
the  acidity  is  then  418,  and  at— ^2.4  the  particles 
.  of  water  unite.  3dly,  The  acidity  continuing  to  be - 
(Jiminilhed  to  298,  the  particles  of  water  lofe  fuc- . 
ccffivcly  the  power  of  approaching  without  ceafing 
to  be  liquid,  fo  much  fo,  that  at  this  point  fire  is 
ready  to  combine  with  them  at  22,7.  4thly,  This 
lofs  of  power  relative  to  the  particles  of  water, 
continues  till  the  acidity  is  reduced  to  243,  and  at 
this  point  the  fire  of^liquifa>5iion  docs  not  quit 
them,  but  at  the  temperature  of -^44.2,  which'  ■ 
very  nearly  correfponds  to  what  happened  at  the 
greateft  acidity  568  :  but  now  a  new  phenomenoit 
taikes  place;    the  particles  of  water  being  Icfs 
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chained  with  acidity,  again  tend  to  cryfiallizc  ia 
their  own  way,  and  ihofe  that  are  moft  favourably 
difpofed  thereto,  quit  their  acid  and  the  fire  of 
liquifai^Hon,  and  become  common  ice.  Laftly, 
from  this  point,  the  more  the  acidity  is  diminifh- 
ed,  the  fooner  the  particles  of  water  unite,  fo  that 
when  the  acidity  was  only '2 10,  ice  (of  pure  water)- 
was  formed  at  the  temperature  of  17.  Thefc 
Angular  phenomena  are  not  peculiar  to  fpirit  of 
nitre,  they  have  been  alfo -obfcrved  in  fpirir  of 
vitriol,  as  may  be  perceived  by  the  refult  of  ex- 
periments formed  into  a  table. 

Strength.  Freeeing  point. 

^77  -        -        +  I 

918  -        -        —26 

848^  -        -        +46 

846  -        -         -1-  42 

758  -         -         —45 

From  hence  we  may  conclude,  that  oil  of 
vitriol  has  not  only  a  ftrength  of  eafieft  freezing, 
but  even  a  llrei^h  fuperior  to  this;  it  has  another 
point  of  a  contrary  flexure,  beyond  which,  if  the 
ftrength  be  incrcafed,  the  cold  neceflary  to  freeze 
it  again  begin*  to  dtminilh.  From  the  weakcft 
d^;ret  of  the  acid  ^58,  to  that  of  848,  there 
is  an  increafe  of  91*  in  the  freezing  point.  The 
acidity  increafing  to  918,  the  freezing  point  &IU 
.  again  72*.  and  rifes  27,  when  the  acidity  be- 
comes 977. 

Now  there  are  in  thcfe  phenomena  of  acid 
liquors  no  fymptoms  which  fuffer  us  to  confidec 
them  as  limple  fubftanCes  ponderable  itt  their  na* 
ture,  or  as  compcHiods  of  two  fubftances,  the  one 
aeidifiable,  the  other  acid0ing,  stad  hoth  ponder* 
able.  According  to  the  firft  of  thefc  notions,  in 
wl^ch  the  acids  are  coplidered  as  dijtlved  in  water, 
Vv  find  DO  point  at  which  to  ilop  in  order  to  de- 
.  ternune. 
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termine  their  proper  weight  1  in  the  water  they 
l^rc  only  perceived  by  their  efFeAs,  in  other  com- 
pounds they  arc  not  difccrned  1  thuE,  nothing  here 
hinders  our  confidering  fhcm  as  impouderahU,  if 
other  circumflances  condu<5t  us  to  this  conclufion, 
The  fecond  notion  fecms  to  exclude  this  fuppofi- 
tion,  becaufe  a  known  weigh/  is  attributed  to'ths 
^cidifiable  and  acidifying  particles :  but  the  fore- 

going  experiments  deprive  this  idea  of  all  proba- 
iHty;  it  cannot  explain  the  extraordinary  changes 
in  the  frfezirig  point,  occaHoned  in  the  fame  pon-. 
derable  fubftance,  merely  by  the  addition  of  moro' 
pr  lefs  water. 

But  to  be  more  particular,  when  the  ponder- 
able part  of  vital  air  is  employed  as  an  acidifying 
principle  to  pro^iucc  an  acid,  is  it  a  liquid,  a  fub- 
uance  by  it's  nature  capable  of  being  frozen  and 
liquified  ?  Here  the  advocates  for  this  theory  leavQ 
us  in  the  d^rk ;  w?  call  in  vain  for  explanation. 
If  the  ^owf/froi/c  part  of  vitfft  (i/r,'hy  being  joined 
to  the  ponderable  part  of  inflammakle  air,  produces 
water,  can  it  in  the  fame  operation,  the  com- 
buflion  of /ulphur  for  inftance,  produce  an  acid* 
Here  alfo  we  receive  no  explanation.  If  in  the 
combuftion  of  fulphur,  part  of  the  vital  air  is  ufed 
to  form  an  acid,  part  with  inflsmmahle  air  to  pro- 
duce water,  wh»t  is  the  ratio  of  the  two  portions  ? 
By  what  means  Ihall  we  diflinguilh  them  ?  What  19 
^  acidifiahle  fubftance  in  fulpbur,  diftinA  from 
in^&mmable  dfV  ? '  The  partizans  of  the  French 
ihcory  are  obdurate,  and  will  afford  us  no  explana- 
tiont  If>  inftead  of  this  obfcure  thporyj  you  con-> 
iider  the  water  formed  by  the  two  airs  to  be  united 
to  an  acid,  the  whole  is  readily  explaitjed,  and  the 
double  flexure  of  the  freezing  poinf  ealily  un- 
^rftood. 

From  the  cryfialii-zation  of  pure  water,  we 
learn,  that  it's  fimple  particle^  a^c  Qf  %  certain 
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form,  and  that  they  tend  towards  each  other  by 
tertain  determined  fides.  Now  the  different  com- 
binations of  the  acid  with,  the  particles  of  water 
jnay  change  the  tendency  of  thefe  to  colleift  them- 
felvcs  together,  and  ocCafion  the  above  defcribec^ 
flexures :  how  this  is  effeded,  might  cafily  be  (hewn 
by  geometry,  .though  it  cannot  be  rendered  a  fiib- 
jed:  for  thefc  Lcdures. 

It  does  not  appear  that  the  difference  in  fpe- 
cific  gravity  between  acid  liquors  and  water  is 
.owing  to  any  ponderable  fubftance  added  to  the 
water;  but  rather  to  this,  that  the  particJes  of 
Water  are  joined  to  an  imponderable  fubftancc,  by 
whofe  means  they  may  be  brought  nearer  to  each 
.other  without  quitting  the  fire  of  liquifadlion. 
Now  aJi  the  preceding  phenomena  confirm  this 
theory ;  for  they  proVe  in  genei'al,  that  the  par- 
ticles of  acid  liquors  may  be  brought  much  ciofer 
together  than  thofe  of  water,  without  lofing  the 
■■fire  of  Hquifaftion  ;  and  you  will  prefently  fee,  fay 
a  very  clear  ^xample,  that  the  caufcs  which  in- 
-fiuencc  the  freezing  point,  extend  their  effeA  t<f 
the  general  ftate  of  liquids.  I  (hall  firfl',  however, 
mention  another  phenomenon,  which  fiirnilhes  a. 

,  direA  proof  of  the  fuppofition  before  ua. 

If  you  mix  pure' water  with  an  acid  liquor, 
the  fpecific  gravity  of  the  mixture  is  greater  than 

■  the  mean  of  the  ipecific  gravities  of  the  ingrc^ 
dlcnts ;  a  cJear  proof  that  the  acidity  caufes  the 
particles  of  water  to  approach,  following  an  in- 
creafmg  law  therein;  becaufe  the  mean  approach 
of  the  particles  is  greater  thafi  the  mean  acidity  of 
the'uhited  maffes.  This  is  q,lfu  confirmed  by  a. 
fimultaneous  etFcdl:,  that  is,  the  fudden  effect  of  the 
prefTure  on  the  free  fire  of  the  iriafs,  whjbh  aug- 
.ments  the  heat  thereof;  3^  a  bar  of  iron  is  heated 
4}y  forging.  The  preceding  remarks'  on  aci^' 
liquors  Bpply  fo  naturally  to  alkaline  iiqiiors,  thi; 
"    y^h-n-  f  "     '  ij 
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it  will  be  unnecefTary  to  mentton  them  here.  In 
neither  is  there  any  thing  which  leads  us  to  thinks 
that  the  diiferencc  of  acid  and  alkaline  liquors 
from  pure  water  depend'^,  on  ponderable  particles.  . 

l<'rom  the  union  of  acid  and  alkaline  liquora 
refult/iz/iwf  liquids,  from  which  afterwards  by  fim- 
plc  evaporation  wc  obtain  «^a/rfl/falts,  that  is,  folids 
of  a  ct-rtain  form,  which  do  not  receive  the  fire  of 
liqiiifaiftion  at  the  temperature  of  the  atmofpherc, 
unlcfs  we  reftore  to  the  fait  the  water  that  was 
evaporated  from  it.  Now  if  acid  and  alkaline 
liquids  are  nothing  but  water  modified  by  certain 
f^-'Terent  particles,  their  foUd  produces  fhould  be 
i.jthing  more  than  water  itfelf,  modified  by  tha 
;mion  of  thefe  particles  ;  and  thisthe  water  of  cryf- 
callization  direftly  authorizes  us  to  conclude, .  Let  ■ 
us  then  confider  this  phenomenon  further.  In 
fomc  Jnlls,  after  the  water  of  cryftallization  is 
evaporated,  the  remaining  mafs  is  no  longer  capa. 
ble  of  being  liquified  without  an  addition  of  watery 
in  others,  the  mafs  may  be  liquified  alone,  by  a 
great  degree  of  heat.  Now  here,  we  only  fee  the 
modifications  of  the  general  phenomena  of  this 
clafs  J  namely,  different  combinations  of  t)he  par- 
ticles of  water  with  certain  other  particles^  which 
changes  confiderably  their  faculty  of  receiving  the 
fire  of  liquifadlion ;  and  we  even  fee,  thcfc  convbi- 
naiions  of  water  may  be  jfuch,  that  it's  particles 
refufe  to  receive  the  fire  of  liquifatftion,  in  fome 
cafes  without  a  great  degree  of  heatj  but  eyea 
abfolutely  in  other  cafes. 

If,  zhtY  falls  have  been  reduced  by  evapora- 
tion to  a  refraBory  .Jiale,  the  water  which  wag 
evaporated  be  reftored  with  a  frriall  addition;  the 
molecules  of  water,  which  form  the  fenfible  maft 
of  the  mixture,  re-acquire  the  fire  of  liquifaftibn  at 
the  temperature  of  the  atmofphere,  and  we  ol^cain. 
/aline  liquids. 
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Dr.  Bliigdcn,  in  his  paper  on  congelatioHi  hiis 
fliewi>,  that  allliquids,  fufceptible  of  being  frozen, 
would,  liice  watei^  bear  to  be  cooled  feveral  de- 
grees-below  the  freezing  point  without  congealing. 
Under  the  fame  circumftances  acid,  alkaline,  and 
faline  IrquorSj  have  the  fame  property ;  ^  further 
proof  that  they  we  thp  fatpe  fqbftance  diffcrcnily 
moflified. 

Saline  "liquors  quit  the  Are  of  liquifadlion 
fooner  than  pure  water ;  but  attended  with  another 
circumftance,  ttill  confirming  the  idea  of  their 
being  a  ipo<^ification  of  water.  When  acid  and 
alkaline  liquors  freeze,  the  particles  of  water 
therein  are  fo  arranged  ^s  not  to  occupy  a  greater 
(pace,, which  you  have  fgen  was  the  cafe  with  pure 
water.;  but  this  properEy  appears  again  in  their 
eompoictd  faline  liquids. 

Thus  when  the  particles  of  acids  an4  alkalies 
feparately  modify  the  molecules  of  w^ter,  the  mo- 
iment  that  thefe  lofe  the  fire  of  liquifitdlion,  they 
ore  grouped  into  folids,  which  occupy  lefs  fpace 
than  was  before  occupied  by  the  molecules  which  " 
compofe  them;  but  if  the  particles  of  water  are 
,  modified  by  thofe  of  an  acid  and  alkali,  they  ar-:*. 
range  themfelvcs  as'  if  it  were  pure,  but  only  flower, 
exhibiting  only  varieties  ii}  the  modification  of  the 
(ame  fybftance.  OiU  are,  probably,  nothing  more 
than  water  modifip4  by  imponderable  fubftances, 
among  which  we  are  to  reckpn  phlogiHon. 

There  is  no  phenomenon  of  acid,  alkaline,  and 
'  faline  liquids,  which  can  lead  us  to  aflign  a  difcerni-r 
blc  weight  (o  any  other  p^rticjes  but  thofe  of  pure 
^vatCr, 

In  all  thcfe  phenomena  we  only  perceive  the 
^  devclopcment-of  an  ancient  principle  of  chemiftry, 
that  710  Jubjiaace  can  aii  chemically,  unle/s  it  he  dtj- 
Mved  i  for  in  order  that  the  particles  of  any  Tub- 
itance  ipay  pbcy  it's  rcfpeiftive  tendenfies^  they  muft 
^ye  Uhcri:y  to  nlove,  and  this  they  can  only  have  it} 
F  9  liquids 
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liquids  and  expanfiblc  fluids.  The  particles  of 
Water,  from  their  faculty  of  being  united  with  fire, 
are  fufceptiblc  of  liquidity,  and  when  in  this  ftatc, 
can  obey  cither  their  natural  tcndenctcs,  orrtiofc 
they  may  have  acquired  by  combination.  It  is 
thus  that  water  becomes  the  univerfal  menfiritam  ; 
that  is,  by  it  alone  all  other  menftrua  exift,  be- 
caufe  it's  particles  will  acquire  as  many  various 
tendencies,  as  there  are  fpccies  of  fubtil  particles 
to  unite  therewith,  either  feparately  or  conjointly. 
Among  the  changes  in  tendency,  which  take  place 
in  the  particles  of  water,  there  is  a  clafs  of  great 
importance  in  the  operations  of  nature  j  namely, 
that  which  relates  to  their  different  aptitude  of  re- 
ceiving, and  of  retaining  the  fire  of  liquifadion  [ 
from  whence,  befides  different  liquid  ftates,  they 
are  capable  of  afTuming  a  great  variety  in  a  folid 
form,  the  folidity  depending  principally  on  this, 
chat  the  particles  are  not  capable  of  being  united 
with  the  fire  of  liquifaftion,  but  at  a  certain  tem- 
perature, or  by  the  addition  of  certain  ingre- 
dients. Sails  are,  hitherto,  the  only  folids  we 
have  confidered  as  produced  by  water;  with  refpeift; 
to  thefe,  pure  ivaler,  whether  liquid,  or  as  ice,  is 
Tiflux,  by  means  of  which  they  are  fufible  at  the 
temperature  of  the  atmofphere,  nay  even  at  a  low 
temperature ;  but  conducted  by  analogy,  we  may 
proceed  further  in  the  abftraft  analylis  of  folids. 

When  you  confider  all  the  folids  on  the  furface- 
of  our  globe,  as  weij  organized  bodiesi  j«  natural 
foflils,  and  examine  the  certain  and  uncemin  refultl 
ofouranalyfes,  you  will  not  be  able  to  trace  iji  thefe. 
bodies  any  fubftances  ponderable  in  themfelves, 
but  waler  and  elementary  earths,  taking  the  term, 
dementary  earth,  in  a  general  fenfc.  Among  the 
fubftances,  which  are  not  difcernible  -by  their 
weight,  we  have  light,  fire,  ele£irinty,  acids,  #/- 
kaJies,  phtn^iji'jfi,.  a^^d  the  peculiw  particles  of  ccr- 

taia 
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tain  aits.  Every' tcrreftrial  phrnomenon  feems  to 
announce  other  imponderable  fubftAnccs;  and  from 
Kence  you  may  conceive  how  many  caufes  of  this 
dafs  are  concealed  from  us  by  our  ignorance. 

Such  then  are  the  fubftanccs  by  which  the 
Stnmediate  phyfical  caufes  produce  the  phenomena 
of  our  globe  ;  the  ponderable  fubftances  are  water 
(humorj  and  earths  ;  the  remaining  tcrreftrial  fub- 
ftances confift  only  of  particles  of  different  claffcs, 
but  of  fuch  fi!btilty,.that  whatever  be  their  quantity 
in  the  malTcs  thatwe  tu^/^A,  their  w«^-^;  has  hitherto 
«fcaped.  Water  will  unite  with  all  thefe  particles, 
but  at  different  degrees,  and  acquires  by  the  union 
different  affinities,  from  whence  immediately  re- 
fult  various  liquids,  cxpanfible  fluids,  and  fome 
folids,  which  are  fufible  at  different  temperatures 
of  the  atmofphcre^  either  immediately,  or  with 
water  for  their  flux.  By  thcfc  combinations  in 
different  ftates  with  the  earths,  folids  are  produced, 
on  which  thefe  means  of  liquifaiftion  have  no 
power.  All  thefe  combinations  can  only  take 
place  ift  liquid  water,  in  which  they  have  an  op- 
portunity of  exercifing  their  affinities:  and  when 
folids  are  formed  therein,  it  is  in  certain  cafes, 
by  the  addition  of  fome  fubftanccs,  and  the  limulta- 
lieOy?  ejniJfion  of  fome  expanfible  fluids.  Thefe 
folids  are  no  longer  folvible  in  the  remaining  fluid, 
and  in  order  that  it  may  diffolve  them,  tjiey  muft 
be  deprived  of  their  additional  fubftances,  and 
their  expanfible  fluids  muft  be  reftorcd  to  them. 
Now  with  refpeift  to  the  greater  part  of  the  folids 
of  our  globe,  as  well  thofe  which  were  formerly 
formed  on  it's  furface,  as  thofe  which  are  daily 
forming  there,  thefe  combinations  are  the  great 
fecret  of  nature. 

The'  preceding  analyfis  developed  this  an- 
cient principle  of  cnemiftry,  that  fife  is  the  age  it 
of  all  diffohttion.  This  propofition  is  true,  but  only 
F  3  mediately; 
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ttiediately  ;  for  %&/■  is  thft  firft  agent  of  every  che* 
mical  operation.  By  light  united  to  fome  fub-» 
ftance  hitherto  undetermined,  fire  receives  it's  ■ 
exiftenc'e.  By  fire  the  particles  of  water  (humor) 
receive  their  liquidity,  that  isi  the  powct  of  obey-* 
ing,  although  contiguous  to  each  other,  not  only 
their  own  tendencies,  but  thofe  they  acquire  by  the 
addition  of  othor  particles.  By  thefe  additions  thd 
particles  of  water  are  more  or  lefs  diJpofcd  to'  re-* 
taiji  or  to  receive  the  fire  of  liquifadtion. 

Marine  fait  may  be  confidered  as'  a  reftaflory 
folid,  and  cornmon  ice  as  a  fufible  folid.  Theftf 
two  iblids  being  mixed  above  a  certain  tetnpera-i 
ture,  have  the  -power  cf  feizing  in  common  th(! 
fire  of  liquifadlion  at  all  points  where  they  touch. 
This  is  the  general  principle  of  other  fufions  by 
fluxes.  For  experiment  teaches  us,  that  certain  fo-» 
lids  being  mixed  can  receive  the  fire  of  liquifacSion, 
M^:-.£nce  the  affinities  of  their  ingredients  have  ail 
Opportunity  of  ailingi  Experiment  has  alfo  Ihcwnj 
that  in  order  that  they  hiay'  receive  more  eafify  the 
fire  of  liquifadionj  or  chat  in  their  cohimon  liqui- 
fadlion,  the  folids  defigned  to  be  produced  may" 
be  formed,  ol-  eVen  fcparate  thehifclvcs  by  a  dif- 
ference in  fpecific  gravity,  they  muft  be  deprived 
of  certain  ingredients.  Now  here  again  fire  comes 
in  to  out  aid ;  oy  it's  agency,  and  that  of  acmofpheric 
air,  certain  expanfiblc  fluids  arc  formed,  others- arc 
abforbed,  and  the  folids  thus  terrified  are  ready  to  go 
into  the  furnace,  and  receive  the  fire  of  liquifaiflion. 

(5n  WATtR  IN  A  State  of  Vapour^ 

Though  I  have  explained  in  hny  I,edlureS  on  fire 
the  more  particular  phenomena  that  take  place  in 
the  pafTage  of  waterinto  vapour,  I  have  alio  fhcwn 
you,  that  water  heated  to  212°,  when  the  barometef 
is  2tii,  flies  off  in  vapour,  and  becomes  an  elaftic 
fliiio,  at  leaft  800  times  more  rare  than  air.  This 
L,_ C.oo.;T}»'*''= 
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elftftic  fluid  or  fteam  is  the  moft  powerful  agent 
that  can  be  applied  to  working  of  engines,  where 
great  mechanical  power  is  reqnired.  This  fuhjeiSt 
being  thereby  rendered  of  the  greateft:  importance  ' 
to  arts  and  manufa<5tures,  you  will  not,  I  hope, 
think  your  time  mifappiied  in  rcconfidcring  the 
nature  of  this  wonderful  agent ;  the  more  as  it 
wiU  in  fome  refpefls  be  exhibited  under  a  differ- 
ent point  of  view,  and  with  fome  circumftances 
"which  we  did  not  before  attend  to. 

The  quantity  of  fire  ncceflary  to  turn  water 
into  fteam  is  immenftly  great,  as  you  may  eafily 
■convince  yourfelveis  from  the  operation  of  a  com- 
mon ftill,  by  obfervin'g  the  vaft  heat  received  by 
the  water  in  the  worm-tub  ufcd  to  condenfe  the 
vapour.  You  may  ftrengthen  this  idea  by  confider- 
ing,  that  if  a  veflel  of  water  be  placed  on  a  good 
fire,  and  that  though  you  incrcafc  the  power  of  ■ 
this  fire  to  the  higheft  degree  capable  by  human 
art,  yet  you  cumot  raife  the  temperature  of  the 
ivater  above  the  boiling  point.  Now  what  can 
become  of  the  vaft  acceflion  of  fire  which  the 
■water  in  the  vtflel  is  conftantly  receiving.  It  goes 
■off  with  the  fteam  raifed  frran  the  water,  and  may 
be  again  obtained  from  it  by  condcnfii^  the  va- 
pour. If  you  prevent  the  fteam  from  flying  otf, 
as  in  Papin's  digefter,  it  will  retain  the  heat  it 
has  acquired  from  the  fire;  where  the  con.fined  wa- 
ter will  be  found  £0  hot  as  even  to  diflblve  bones, 
and  to  produce  fuch  effefts  as  I  have  already  de- 
fcribcd  to  you.  Yet  this  fire,  when  combined 
with  the  vapour,  is  as  it  were  neutralized  and 
rendered  with  refpetS:  to  external  obje<5ts  quief- 
ccnt. 

"^o   cftimate   the  expanfive  force  of  water 

reduced  into  vapour,  .1  know  no  inftrument  fo 

convenient  as  that  of  Mr.  le  Chevalier  de  Bcttan- 

F  4  court- 
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court.*  It  confifts  of  a  vciTel  A  placed  upon  a  cha- 
fing difh  B,  having  one  opening  at  top,  to  which  x 
Curved  barometer  IS  adapted,  and  another  to  which  . 
a  therm(OTieler  is  filled,  and  a  third  with  a  cock) 
thefc  arc,  yoii  fee,  fo  difpofed,  that  when  the  cock 
is  (hut  there  is  no' cpmrnunication  between  the 
interior  fpaee  and  the  exterior  ait; 
,  When  the  cock  is  open,  and  the  water  is  not 
ncated,  the  mercury  will,  of  courfe,  be  at  an  equal 
height  in  each  of  the  branches  m,  m.  If  the  air  be 
then  cxhaufted  from  the  large  velfel  A,'  and  the  cock 
be  fhut,  the  mercury  will  rife  from  m  to  k  in  on& 
branch,  and  drfccnd  from  m  to  k  in  the  otherj  fo 
that  the  water  being  fiippofed  to  be  at  the  freezing 
porpt,  the  difference  between  k  and  k  will  be  ad 
inches  1 

Let  the  water  be  heated  fttpidlyt  and  you  will 
,  perceive  the  firft  figns  of  ebullition  by  it's  ftriking 
againft  iche  vtffcl,  which  it  will  do  with  fo  much 
force  as  to  fhake  the  whole  apparatus ;  at  the  fame 
time  the  mercury  in  the  thefmometer  will  rife, 
arid  that  in  the  barometer  will  fall ;  and  when  the 
mercury  is  at  the  fame  height  .in  each  leg  of  the 
fyphon,  the  thermometer  will  be  at  212",  the 
preflure  of  the  ftcam  at  this-temperature  being  an 
txzA  counterballance  to  the  weight  of  the  atmo- 
fpherfc.  If  you  now  increafc  the  neatof  the  water, 
the  mei-cury  will  rife  in  the  branch  on  which  the 
iiir  prefTes;  and  defcend  in  the  other;  thedificr- 
fclice  will  depehd  on  the  temperature  of  the  water, 
br  increafcd  txpanfive  force  pf  the  ftearo.  If  you 
add'  to  this  diffcfence  in  the  two  columns  of  mer- 
tury;  the  height  of  the  merciiiy.  19  4  common  ba- 
rometer, their  fum  will  exprefs  the  height  of  a 
ooUimn 

*  See6g.ii,orpI.6.  vol.i.  I  have  !>efore  obferved,  thit.tho 
LcQures  on  water  wbrc  oHginatlydefigned  toinalo  parttiflho 
firft  voluma.  "    " 
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Column  of  mercury,  reprcfenting  the  expanfive 
force  of  the  (team.  The  difference  in  the  level 
mud  be  ufed  pofitivcly  or  negatively,  according 
as  the  thermoiiictcr  is  above,  or  under  212. 

There  is  no  occafipn  for  two  barometers;  if 
the  open  end  of  this  was  fealed,  it  height  then  be 
filled  like  a  fyphon  barometer. 

With  this  apparatus  Mr.  Bcttancourt  made  a 
variety  of  experiments,  the  r'cfults  of  which  arc 
given  in  the  following  table  1 
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When  vapour  is  ezpofed  to  a  great  hettj  it's 
iiulk,  u  you  have  feen,  is  confiderably  augmmtcdf 
at  3is°  water  is  only  ratified  to  26]  but  with  the 
fame  degree  of  heat  vapour  is  expanded  to  13  or 
14000  times  the  volume  which  it  occupied  as 
water.  Of  this  you  may  eafily  affure  yourfelves, 
by  taking  a  glafs  tube  with  a  bail  at  the  end  there- 
.  pf  2  inches  diameter ;  let  a  drop  of  water  palV 
into  the  ball  of  one  line  diameter;  the  folidity,(tf 
thcfe  two  ^heres  will  be  to  each  other  as  13S24 
*        3  » 
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to  I.  Meat  the  ball  fo  as  to  convert  the  water 
into  vapour,  and  it  will  fill  the  whole  fphere,  and 
force  the  air  out  of  the  ball,  as  you  will  find  by 
immerging  the  end  of  the  tube  in  water,  a  little 
wSrm,  left  the  fuddcn  application  of  cold  flioidd 
burft  the  ball  j  and  in  proportion  as  the  vapour  is 
condenfed  by  cold,  the  prcffure  of  the  atmofphcre 
will  force  the  water  into  the  ball  fo  as  to  fill  it  en- 
tirely ;  proving  thereby  that  the  vapour  had  forced 
the  air  out  of  it,  had  alTumed  a  bulk  near  14000 
times  larger  than  it  occupied  as  water. 

It  is  impodibte  to  give  you  an  accurate  idea 
of  a  fteam-enginc  without  a  model.  I  fliali  there- 
fore content  myfelf  in  this  place  with  laying  be- 
fore you  a  few  of  the  general  principles  on  which 
it  afts.  It  has  been  fhewn  you  in  the  Leftures  on 
air,  that  the  prcffure  of  the  atmofphcre,  at  a  mean, 
may  be  eftimatcd  at  14.8  pounds  avoirdupoifc  for 
every  fquare  inch.  - 

If  therefore  a  vacuum  be  by  any  means  made 
in  a  cylinder,  which  is  furniftied  with  a  moveable 
pifton,  fufpended  at  one  end  of  a  lever,  or  ballance 
•  beam,  the  preffure  of  the  atmofphen:  will  prefi 
down  the  pifton  with  a  force  proportionable  to 
the  area  01  the  furface,  and  will  raife  an  equal 
weight  at  the  other,  end  of  the  beam. 

Water,  as  you  have  feen,  may  be  rarified  near 
I4000  times,  and  was  capable  of  forming  a  va- 
cuu'rti  by  a  degree'  of  heat  capable  of  keeping 
Water  in  a  boiling  ftate :  by  increafing  the  heic 
you  have  alfo  feen,  that  the  expaniive  force  of  the 
fteam  htay  be  rendered  much  ftronger.  The  ftcaon 
may  be  condenfed  or  reduced  to  water  by  a  jet  of., 
cold  water  difperfed  among  it,  fo  th^t  14000  cubic 
inches  of  fteam  may.  be  reduced  into  one  cubic 
inch  of  water  only,  and  thus  a  vacuum  i5:partly 
obtained. 

Though  the  preffure  of  the  Kmofphere '  i)c 
about  14.TIS  pounds  upon  every  fquare  inch,  yet  on 
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ftccount  of  the  piftoh  of  the  feveral  parts,  of  the 
impeffeiftion  of  the  vacuum,  the  pifton-  in  the 
common  engines  does  not  dcfcend  with  a'  force  ex- 
ceeding 8  or  9  pounds  upon  every  fquarc  inch  of 
it's  fijmce.  In  Mr.  Watfs  improvai  engine,  are  ■ 
ibout  IS  pounds  and  a  half  upon  every  fquarc 
inch. 

The  pifton  being  pfelTed  by  the  atmofphere 
with  a  force  proportionable  to  it's  area  in  inches, 
multiplied  by  about  8  or  9  pounds,  depreffes  that 
end  of  the  lever,  and  raifts  a  column  of  water  in 
the  pumps  at  the  othef  end  of  the  beam  equal  to 
that  weight.  When  the  ftcam  is  again  admitted, 
the  pifton  is  forced  up  by  it's  expanfive  powci:, 
and  the  pump  rods  fink;  but  when  the  fteam  is 
tondenfed,  the  pifton  dcfcends,  and  the  pump  rods 
fife ;  and  fo  altel-nately  as  long  as  the  engine  works.    . 

Mr.  de  Luc's  Thoughts  ov  the  State  of  Aq^ie- 
ous  Vapour,  in  the  Atmosphere  and  Laws  of 

EVAPORATIOUi 

As  no  perfon  has  paid  fo  ftiuch  attention,  to 
meteorology  and  the  benches  of  phiiofophyrelatiiig 
thereto,  as  Mt.deLuc,!  ftiould  not  think'I  hadgiv^n 
roiian  accurate  idea  of  this  fubjed  without  laying 
before  you  the  refult  of  his  experiments  and  obferva- 
tions;  and  I  tnay  venture  to  affert,  that  you  will 
Jnake  very  little  progrefs  in  this  pSrt  of  philofo- 
phy,  unlefsyou  are  mafter  of  his  principles, 

Mk  de  Luc's  notions  conccrhlng  rain  Verc 
firft  changed  frotn  an  ftbfervation  on  the  glaciet 
4e  Buet,  of  a  degree  of  drynefs  iij  the  air,  abfo-  * 
lutely  unknown  in  the  valley  at  the  fame  tempera- 
ture. This  obferVation>  followed  by  others,  led  hiVa 
finally  to  cOinclude)  "  that  rain  does  not  proceea 
from  the  moljlure  which  exifted  in  the  atmofphere 
prior  to  the  forttiation  of  the  rainy  clouds."    . 

By  experinients  WAh  his  hygrometer  he  has 

fiiewn,  that  air  may  oe  entirely  deprived  of  the 

immediatt 
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immediate  produR  of  evaporation ;  the  confequenctf 
of  which  is  abjslute  dryne/s^  The  fame  inftrumcnt 
fhews,  chat  this  produt^l:  of  evaporation  has  a  maxi- 
mum, variable  with  the  temperature,  but  confiant 
under  the  fatne  temperature.  The  hygrometer  is 
^xed  by  thcfe  two  ftates  of  air  j  no  method  of. dry- 
itig  or  of  moiHening  make  it  pafs  beyond  thcfe 
boundaries,  which  thus  become  the  extremes  of  a 
fcale,  referring  Co  a  total  celTation  or  maximum  of 
moifhire. 

In  the  fame  hands  the  hygrometer  has  ferved 
to  fix  ftur  ideas  of  the  caufe  by  which  water  fimply 
evaporated  in  iir  may  be  precipitated.  Thefe 
caufes  are  the  fame  with  thofe,  which  in  air,  where 
the  quantity  of  water  evaporated  docs  not  change, 
occafion  an  augmentation  of  humidity,  the  ncccf- 
iaiy  forerunner  of  the  precipitation  of  water.  Expe- 
rience points  out  two,  and  only  two,  the  condenfion 
of  air,  or  it's  being  cooled.  Some  philofophers  have 
thought  that  humidity  was  increafed  by  ratifying 
the  air;  forming  their  opinion  from  thofe  experi- 
ments, where  the  air  in  a  receiver,  on  being  rari- 
fied,  produced  a  mift  or  fog.  MctT.  Wiltke,  Naime, 
and  de  SaulTure  have  fliewn,  thac  if  care  be  taken  to 
exclude  from  the  apparafus  every  frefli  fourcc  of 
evaporation,  the  rarifadion  of  air  promotes  dryne/s. 
The  phenomena,  on  which  the  contrary  hypothefis 
is  founded,  arife  from  water  left  in  the  apparatus, 
and  the  mid  is  produced  by  the  acceleration  of 
evaporation  in  the  rariBed  air,  and  the  inftantane- 
ous  cooling  of  the  fpace  containing  the  air.  The 
water  which  evaporates,  preferving  fenfibly  the 
fame  heat  which  aited  on  it  before,  fills  the  re- 
'ceiver  with  tapours  more  denfe  than  the  maxi- 
mum relative  to  the  momentary  diminution  of  tem- 
perature, confequently  they  precipitate  themfclves 
fuddenly.  Thus  this  theory  correfponds  with  che 
phenomena  of  cheprecipicacion  of  water  by  the  ra- 
rifadion 
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rifadion  of  air,  which  is  unaccounublc  on  the 
fuppolition  of  the  diflblution  of  water  by  air :  for  in 
the  latter  hypotheiis  theparticlesof  watcrare  united 
by  affinity  to  the  particles  of  air.  But  neither  the 
theory  of  affinities,  nor  any  fad  concerning  them, 
authorizes  us  to  believe,  that  two  fubflances  thus 
united,  IhouLd  acquire  a  tendency  Co  feparate,  be- 
caufe  the  particles  of  the  mixture  were  removed  Eo- 
a  greater  diftance  from  each  other  j  a  circumfcince, 
which,  as  it  leffens  their  tendency  to  each  other, 
ought  to  give  them  a  better  opportunity  for  exer- 
{ifing  their  affinity  to  water. 

Humidity  cannot  therefore  be  increafed  by 
this  caufe,  fince  the  augmentation  of  humidity 
would  be  a  fign  that  water  was  fepaiating  itfelf 
more  efficaciouily  from  the  particles  of  air.  Nov 
in  Mr.  de  Luc's  theory,  when  an  aqueous  fluid 
mixed  with  air  produces  moifture  therein,  this 
moifturp  muft  be  diminifhed  by  ratifying  the  air. 
And  this  is  really  the  cafe,  for  there  is  lefi  water  in 
the  recefver  after  a  portion  of  the  vapour  has  been 
pumped  thwefrcan.  The  temperature  is  foon  alfo 
re-eftabliftied  by  the  fire,  which  pafles  through  the 
receiver,  to  &ip{^y  the  place  of  that  which  was  car- 
ried a,way  with  the  vapour. 

Rarifying  the  air,  when  the  quantity  of  eva- 
porated -water  remains  the  fame,  is  therefore  a 
caule.af  drynefs,  inllead  of  humidity.  Now  with 
'  refped  to  .the  other  caufe  of  an  increafe  of  moif- 
tinrc;  the  eondett/ation  of  the  air,  it  cannot  be  fup- 
poftd  in  the  acmofpherei  there  remains  therefore 
put  one  caufeby  which  we  can  account  for  the  pre- 
cipitation of  water  which  is  evaporated  in  open 
air,  namely  coldi  and  from  time  immemorial  thofe 
who  have  endeavoured  to  explain  rain  by  this  caufe, 
have  had  recourfe  to  ftrata  of  air  in  motion,  which 
were  more  or  lefs  warm  than  thofe  they  jn^t  1  l^C 
t^ii  explanation  is  alfo  chimerical. 

When. 
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When,  in  a  given  mafs  of  air,  the  evaporated 
Tiratcr  is  at  it's  maximum  in  a  given  tcmperaturcj 
jf  the  heat  be  increafcd,  the  particles  feparate  fur-i 
.  ther,  and  the  air  will  contain  more  water.  If  the 
particles  are  brought  nearer  together,  the  water 
fupcrabounds,  and  the  excefs  is  precipitated,  Thefe 
fads  are  certain.  Now  let  us  fuppofe  two  fir^ta  of 
air  of  different  temperature  meeting  each  other, 
each  of  them  containing  evaporated  water  at  it's 
maximum  for  the  refpe(5itvo  temperatures ;  the 
varmeft  ftratum  will  lofe  it's  heat,  and  confe-  - 
quently  it's  fuperabundant  water;  bu?  the  othep 
ftritum  will  acquire  this  heatj  and  be  therefore  ca-> 
pable  df  receiving  this  fuperabundant  water, 

When  Mr.  de  Luc  and  his  brother  were  a( 
the  bottom  of  the  glacier  de  Buet  in  1779,  it  had 
rained  for  fomc  time,  the  valley  and  neighbouring 
moiintains  were  imbibed  with  water.  There  was 
alfo  a  very  great  evaporation  from  the  ground  of' 
theff  mountains,  which  was  increafcd  by  tht;  quan- 
tity of  melting  ice.  They  however  experienced  4 
degree  of  dryncfs  unknown  at  the  fame  tempera- 
ture upon  the  plains.  Two  years  after,  returning 
to  the  fame  place  %vith  an  hygrometer,  tbey  found 
that  the  humidity  diminiflKd  as  they  rofe,  and 
when  they  arrived  at  the  fumniit  where  the  ice  was 
beginning  to  melt,  they  found-that  fame  extraor- 
dinary drynefs  which  had  fo  much  ftnick  them  on 
their  firft  vifit. 

While  they  were  upon  thq  glacier,  dry  as  ie 
fetirned  to  be,  fome  clouds  began  to  form  in  the 
ftratum  where  they  were  fituated;  tHfcy  rolled  firft- 
about  the  mountain,  but  they  foon  were  formed 
throughout  the  whole  flratum,  extending  to  a  great  ■ 
diftance  towards  the  plains,  and  increafing  with 
fuch  rapidity,  that  Mr.  de  Luc  and  his  brother 
th(>ught  it  prudent  to  defcend ;  the  hygrometer 
ftill  advanced  towards  drynefs.  Soon  alter  their 
departure 
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defvtw:e  from  the  gtn^ier,  it  was  covered  with 
cloudsj  and  before  they  had  attained  their  lodgii^ 
there  waa  a  heavy  rain  from  the  very  ftracum, 
which  a  little  before  was  fo  exceeding  dry;  the  raia 
continued  during  the  whole  night,  and  part  of  the 
next  day. 

Mr.  de  SaufTure  has  conBnned  thefe  obfcrva-* 
tions  of  Mr.  de  |.uc  by  many  more,  wMch  all  tend 
to  prove  the  great  drynefs  of  the  atmofphere  in 
thefe  fupcrior  regions. 

The  water  which  is  at  the  lower  part  of  tha 
utmofphere  is  continually  evaporating  and  rifing  in 
the  air,  but  this  evaporation  does  not  Increaie  the 
moiflure  therein ;  for  in  9  dry  feafon  it  goes  on 
diminiftiing,  the  ground  at  laft  becomes  dry,  the 
vapours  difcdntinue,  and  the  dew  ceales  every 
where  but  ne^r  water.  This  phenomenon  does  not 
however  appear  furprizing  to  thofe  who  imagine, 
t)jat  the  evaporated  water  is  coltedted  in  the  highex 
regions,  where  the  clouds  are  formed.  But  this  idet 
muft  be  abandoned,  for  we  now  know,  tbai  infe- 
TCne  weather,  before  the  chads  are/oracd,  and  eve* 
among  the  clouds,  the  uppet  regions  are  at  leafi  as  dry 
as  the  lower  part  of  the  at^ofpbere,  in  it's  grealeft 
degree  of  drynefs,  at  [be  fame  temperature.  Thefe 
clouds  are  not  therefore  formed  ^om  the  moifturo 
of  the  air.  The  immediate  produdt  of  evapora- 
tion ip  fopie  manner  changes  it's  nature  in  the  at- 
mofphere, for  it  does  not  fenfibly  affedt  the  hygro- 
meter ;  an4  it's  return  to  a  ftate  of  aqueous  vapour 
tp  produce  clouds  and  rain,  proceeds  from  fom« 
cftMfe  of  which  we  are  ignpranc. 

Of  the  various  hypothefes  to  refolve  this  dif-* 
ficulty,  that  of  Mr.  de  Luc  is  the  moft  probable, 
who  fuppofes,  that  the  aqueous  vapours  are  turned 
in  the  atmofphere  into  an  aeriform  fluid,  and  that 
rain  proceeds  from  the  decompojitton  of  this  air.  On 
this  hypothcfig  it  iscafy  to  perceive  why  the  hy- 
5  gromctei 
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gremeter  is  not  afFcdrd  by  the  quantity  of  water 
ibit  is  often  extfting  in  the  atmofpherc. 

The  difference  between  water  as  i/apour,  ani 
ts  ^  aeriform  fluid,  confifts  in.  this ;  that  in  va- 
pour the  union  of  water  with  fire  i;  very  weak,  and 
15  eafily  deftfoycd  hy  prejfure  or  cold;  but  by  the 
addition  oS  another  fufcftance  it  iofes  thefe  prp- 
percies,  and  becomes  an  ofriferm  fluid.  There  are 
many  rcafons  for  fuppofing  that  a  variety  of  aeri- 
form Buids  are  included  in  the  atmofphere,  which 
by  refifling  the  operations  ufed  to  diminiih  the  at- 
mofphcrc  are  unknown  to  us.  Now  the  operation 
of  thefe,  or  of  other  fubttances  in  the  air,  may  de- 
compofe  water  confidercd  as  an  aeriform  fluid,  and 
thus  occafion  rain.* 

The  variations  of  the  barmnctcr  feem  natu- 
tally  to  lead  us  to  fome  fuch  conclufion ;  for  when 
the  barometer  falls  as  a  fign  of  rain,  it  is  from  a 
change  in  the  fpecific  gravity  of  the  air;  but 
Me0Vs.  de  Luc  and  dc  SajfTurc  have  pfoved,  that 
there  never  is  a  fufficient  quantity  of  vapour  in  the 
atmofphere  to  occafion  the  difference  produced  by 
this  inffrument.  There  are  many  other  phenomena 
which  are  not  accountable  on  the  ufual  principles, 
and  condudl  us  to  look  for  fom«  further  change  in 
the  theory  of  ihe  atmofphere. 

Laws  of  Evaporatiom  by  M.  de  Loc. 

M.  de  Luc  here,  as  before,  confiders  moif- 
ture  in  the  air,  as  the  modification  of  a  particular 
fluid,  confifting  of  water  and  fire,  mixed  with  the 
air,  but  independent  thereof. 

He  alfo  confiders  evaporation  (which  occa- 
iions  this  moifture)  as  ao  operation  of  ^rp  without 
the  interference  of  air. 

mt 

•  The  reader  mull  be  rrferrcd  to  M.  de  Luc's  ^tlers,  to 
kam  why  the  French  theory  oC  the  dccom portion  of  jvaiCT  doc^ 
■tttl  apply  to  tbi»cafe. 

L,„,„....,CooglL:' 


.  ^i^lMtiE.JLfH)   PtlOPBRTlliS  Of   WXTlift.       >t 

That  it  13  an  operation  Of  fire,  it  plain;  for 
(very  liquor  cools  v/htyi  it  evKponites,  becaufc  the 
portion  of  Che  fluid  that  difappears,  carries  away  fL 
quantity  of  fire  from  the  liquor., 

Mr-  Watt  has  (hewn,  that  in  the  ordinary 
evaporation  of  water  iii  open  air,  the  quantity  ci 
heat  loft  by  the  mafs,  bears  to  the  quantity  qf 
water  Carried  away,  a  greater  proportion  than  that 
which  is  found  in  the  fteam  produced  by  boiling 
Water.  There  is,  therefore,  no  room  to  doubt  that 
Aeam  is  formed  in  the  firfl:  as  in  the  laft  cafe. 

Whenever  water  is  in  a  ftate  of  evaporation, 
ah  expanfibic  fluid,  compofed  of  water  and  fircj  is ' 
produced-  To  this  fluid  M.  de  Luc  gives  the  name 
of  ftcam.     I  ufe  this  and  vapour  indifferently. 

As  long  as  Iteam  exifts,  it  exerts  a  power'  of 
preifure  like  air  itfelf ;  but  if  does  not  belong  to 
the  clafs  of  permanent  elaftic  fluids,  as  it  may  be 
decompofcd  either  by  preffurc  or  by  cooling. 

There  is,  as  you  have  feen,  a  material  difFcr^ 
encc  between  what  are  called  permanently  elaftte 
fluids  and  Jieam,  or  the  vapour  of  water  j  the  former 
will  undergo  every  known  degree  of  atmofphcric 
preiTure  without  being  dccompofed  ;  but  vapour  is 
dectxnpofed  by  too  great  a  prefTure.  The  parti- 
cles (rf  the  i*^atcr  being  hereby  brought  nearer  to- 
?;ether  unite,  and  quit  the  fire,  which  in  pafling 
rom  them  manifells  it's  ufuat  properties. 

Permanently  eiaftic  fluids  cannot  be  dccom- 
pofed in  veflels  hermetically  feaM,  becaufc  they 
Ate  thereby  prevented  from  receiving  the  adtioa 
€>f  the  bodies  with  which  they  have  a  greater  affi- 
nity than  with  thofe  which  fupport  tjicm  in  aa 
aeriform  fHte  i  hat  fleam  or  eatery  vapours  may  bs 
decompofed  in  veflels  hermetically  fealcd,  from  the 
tendency  of  the  fire  with  which  it  is  unital  to  an 
equilibrium  j  thus,  when  the  exterior  heat  dimi- 
niihes,  the  Are  quiti  the  w»tec  to  xe-cflablifli  the 
Vol.  II.  G  cquiUbrium 
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equilibrium  of  temperature.  If  chc  fire  becomea 
fufliciently  abundant.- 0n  tbe  outiidc,  ic  rc-entefs 
■the  veffl'l,  and  vapours  are  again  formed.  i 

^  As  the  expanlive  property  of  vapour  depends, 
every  other  cirtumftancc  being  the  fame,  on  fire, 
it  is  greater  in  proportion  as  the  particles  contain 
a  greater  quantity. 

It  appears,  that  fteam  is  decornpofcd  either 
by  preiTurc  or  by  cooling ;  bccaufc  at  a  given  tem- 
perature it  has  a  certain  fixed  maximum  of  denfit/, 
which  incrcafcs  with  the  temperature. 

Thus,  when  the  fluid  is  arrived  at  the  maxi- 
mum correfpondcnt  to  a  certain  temperature,  it 
wil!  be  deccmpofed,  either  by  being  cooled,  it's 
maximum  being  too  great  for  this  temperature,  or 
it  will  be  decornpofcd  by  an  increafe  of  prcflure 
without  any  change  of  temperature  ;  for  here  it's 
denfity  is  too  great  for  that  temperature:  in  either 
cafe  the  water  is  feparated  from  the  fire,  which 
fupportcd  it  as  fteam. 

The  degree  of  prefTure,  or  expanfive  force, 
exercifed  by  fteam,  or  which  it  can  fupport  with- 
out dccompofition,  depends  on  temperature,  and 
"  is  proportional  to  it's  denfity. 

Steam  is  formed  at  every  temperature  where 
a  previous  fpace  permits  it's  expahfioii  i  but  no 
fteam  can  be  formed  where  it  has  to  overcome  an 
obftacle  fupcrior  to  it's  expanfive  power  at  that  de- 
gree of  temperature;  and  if  it  be  formed,  becaufe 
the  obftaclc,  or  prefllire,  did  not  exceed  it's 
pomcr,  yet  if  the  prcffure  increafes,  or  thetem- 
ptranirc  lowers  ever  fo  little,  it  is  totally  de- 
cornpofcd. 

It  a  thefe  circumftancts  that  determine  both 
the  degree  of  heat  at  which  water  begins  to  boil, 
and  the  variations  of  that  degree,  according  to  the 
variations  of  preffure  ;  for  ebuUiiioM  is  that  jftatc  of 
a  liquid  in.which,iteain  is  continually-formed  with- 
in 
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in  itfcif,  notwithftanding  the  external  prcffiirc;  and 
to  produce  this  expanlivc  power  ii)  fteam,  a  certain 
degree  of  heat  is  ncceflary  in  the  fluid,  which  is 
determined  by  the  degree  of  prefTure.  As  for  the 
fixity  of  the  degree  of  boiling  water  under  a  con- 
ftant  prelTure  j  it  is  produced  by  the  equilibrium 
between  the  quantity  of  fire,  which  continues  to 
penetrate  the  wattr,  and  that  which  goes  off  in 
fleam ;  the  differences  which  may  happen  in  the 
quantity  of  fire  that  penetrates  the  water,  having 
no  other  fenfiblc  effecl  than  that  of  producing  a 
more  or  lefs  rapid  formation  of  fteam. 

From  hence  we  may  perceive  the  difference 
between  the  phenomena  of  common  evaporaliea 
and  etuUitioa.  Ebullition  requires  a  determined 
degree  of  heat,  becaufc  the  fteam  cannot  be  formed 
within  the  water,  unlefs  it  is  fufficiently  ftrong  to 
-overcome  the  adtual  prelTure  on  the  water :  but  in 
common  evaporation,  the  fteam  and  vapour  is 
formed  at  the  furfacc  of  the  water  by  every  degree 
of  temperature;  for  it  meets  with  no  refiftance, 
but  what  it  can  always  overcome;  it  mixes  only 
vith  the  air,  and  this  it  expands  in  proportion  to 
it's  quantity,  in  the  fame  manner  as  if  it  were  a 
new  quantity  of  air. 

The  fteam,  formed  by  common  evaporation, 
13  of  the  fame  nature  with  that  of  boiling  water  ; 
but  with  refpeft  t»  the  preffurc  it  underjgocs,  it  is 
fimilartothat  produced  by  evaporation  under  an 
exhaufted  receiver.  Under  the  cxhaufted  receiver, 
the  refiftance  the  fteam  meets  with  is  from  itfelf, 
and  is,  confcquently,  proportional  to  it's  own  ex- 
panfive  power.  In  open  air,  the  part  of  the  whole 
prcfti  re  incumbent  on  the  fteam  is  to  that  whole, 
as  it's  power  is  to  that  of  the  whole  mafj,  the  reft 
of  the  preffure  being  fupporied  by  the  air  with 
which  it  is  mixed  ;  which  proportion  in  the  pref- 
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furc  fteam  undergoes,  briaj^s  it  exadUy  to  that  of 
•the  firft,  a«  is  proved  by  expcjiment. 

When  the  therniotneter  is  at  6^",  the  maxi-. 
mum  of  evaporation  in  an  exhauftcd  receiver,  * 
fupports  O-S  inch  of  iVicrcury  in  the  fhorc  baro- 
meter gage.  That  the  evaporation  in  vacuum  has 
the  fame  caufe  as  in  open  air,  is  clear  from  the 
loTs  of  heat  by  the  liquid  in  this  cafe,  as  well  as  ' 
the  other:  an  equal  prelTure  is  alfo  produced,  and 
added  to  that  of  the  air,  when  the  receiver  is  filled 
with  air,  as  will  appear  by  the  following  example: 

If  the  thermometer  be  ftill  about  95.  and  the 
-  raceiver  be  filled  with  air  of  the  fame  denfity  as 
that  in  the  room,  a  barometer  placed  in  that  re- 
ceiver,  will  Hand  at  the  fame  height  as  ]ji  the  open 
air.  If  a  fuiEcicnt  quantity  of  water  be  introduced 
for  producing  the  maximum  of  evaporation,  the 
inclofcd  barometer,  like  the  gage,  will  rife  0.5 
«f  an  inch-  .        ^ 

Now  as  the  barometer  is,  in  every  cafe,  a 
manwneter,  the  phenomena,  cbfervcd  in  clofc  vef- 
ieU,  give  us  a  true  idea  of  what  happens  to  ileam 
in,  the  atmofphere.  When  lleam  is  mixed  with 
aiF,  be  the  mais  fhut  up  in  a  veSel,  or  be  it  in  a  cer- 
tain part  of  the  atmofpherc,  difUntS  by  it's  place, 
both  fluids  will  aH  on  the  barometer,  or  on  every 
obflacle,  and  thus  againfl  each  other,  according 
to  theii:  refpc<^ive  power;  beciufe  no  mechanical 
caufe  can  pn>duce  the  decompofition  of  fteam. 
but  by  forciiif;  it's  particles  to  come  nearer  each 
othefi  than  is  confiflettt  with  the  temperature  bj« 
vhich  th^  are  fupported ;  which  cafe  cannot  hap- 
pm  in  the  atmofpherc^  except  by  ihe  accumula- 
tion oi  fteam  ia  fome  part  of  it  j  fince  elfe- 
whCFC  ic  poly  remains  mixed  with  the  air,.accoVd-r 
ing  to  it's  own  laws,  as  if  there  were  no  air. 

Mr,- 
*  The  ai^an  refubs  «f  experiments. 
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Mr.  de  Luc  confidcrs  the  whole  theory  of 
hygrology  a  fcience,  whofe  objefts  are,  in  general, 
the  caufe  of  evaporation,  and  the  modifications  of 
evaporated  water,  as  comprehended,  in  the  fere* 
going  propolitions. 

The  common  fource  of  the  water  thus  difle* 
minated  in  the  atmofphere,  is  the  fnrface  of  the 
earth ;  whence  in  fpotiCaneous  evaporation^  both 
in  air,  arid  in  vacuo,  as  well  a^.in  ebullition,  wc 
fee  water  carrying  off  latent  fire. 

■  If  the  prpdud  be  colledled- in  a  clofe  fpace,  it 
ai^  in  the  fame  manner  as  a  new  quantity  of  ex>- 
panfive  fluid.  ^ 

It  is  known,  by  experience,  that  an  expan- 
five  fluid  is  really  produced  by  ebullition,  and  by 
evaporation  in  an  exhauftcd  receiver  j  and  no  good 
reafon  can  be  afligned  to  fliew  why  the  caufe  of 
evaporation,  and  it's  produiS,  Ihould  chai^^  In 
any  cafe  only  by  the  prefence  of  airj  and  on  e». 
amining  what  may  happen  in  open  air,  we  find  no 
particular  caufe  of  the  deftrudion  of  that  expahfi**' 
ble  fluid,  or  any  difficulty  in  conceiving  it's  dif- 
femination  in  every  part  of  the  atmofphere. 

Here  we  lofe  iight  of  fteam  ;  for  watery  v*- 
pours  are  not  difcernible  of  thenvfelvea,  and  it  is 
on  this  account  they  arc  not  perceived  in  the  ae- 
mofphere.  Mixed  therewith,  they  are  not  to  be 
diftinguiOied  from  it,  bscaufe  chey  are  as  tranf- 
parent  as  Itfelf.  In  a  vacuum  they  would  be  tajcen 
for^n  elailic  fluid,  if  we  judged  of  them  only  by 
their  mechanical  eflr&s,  without  fubje^ing  them 
(o  «  chemical  analyfis.  In  the  air  their  mechanical 
aAion  is  as  little  perceivable  as  that  of  any  fcat- 
tered  particles  of  air  ;  and  wc  fhould  be  ignorant 
of  their  funflJon  in  the  atmofphere,  if  ic  were  not 
for  theirproperty  of  producing  nioifture.* 

G3  Or 

*  Sec  Mr.  de  Luc'i  fuper  in  the  redpnd'ptit  Of  the  Philsli^ 
phical  Tnufit&ioiii  for  i7ga> 
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Of  Vesjcclar  an»  Cokcrete  Vapour. 

When  vapour  or  fteam  is  dccompoicd,  if  ft 
be  contiguous  to  fubftanccs,  whofc  heat  is  lefs  than 
it's  own,  the  fire  quits  the  vapour,  and  the  water 
is  depofited  on  the  furface  of  the  body  in  the  form 
of  dew.  and  in  drops.  When  itie  hrat  is  as  low  as 
congcjation,  the  vapours  arc  cryftaMiicd,  and  de- 
pofited  in  regular  and  curious  forms. 

K  there  are  no  fubftanccs- contiguous  to  the 
vapours  in  the  air,  the  particles  of  water  unite,  and 
form  either  fphericai  folid  drops,  hollow  fphcres, 
er  congealed  icicles. 

The  folid  drops  unite  apd  form  rain.  The 
icicles  are  the  firit  elements  of  frjow  i  but  as  they 
are  often  very  minute,  and  remain  fufpended  in 
the  air,  where  they  produce  different  meteors, 
Mr.  de  SaufTure  ranks  thciji  in  the  clafs  of  vapour, 
and  gives  them  the  name  of  coniirete  vapour. 

The  cxiftcnce  of  the  JioUow  fpheres,  or  vcfi- 
cular  vapours,  has  been  often  fuppofcd,  before 
philofophers  were  able  to  exhibit  them  to  the 
fcnfes.  The  fimplcft  and  moft  inftruitive  manner 
©f  oWerving  them,  is  to  cxpofe  a  cup  of  fome 
warm  aqueous  fluid,  of  a  dark  colour,  as  coHce, 
Or  water  mixed  with  ink,  to  the  rays  of  the  fun 
-in  a  fine  day,  vhen  the  air  is  very  calm  ;  a  cloud 
will  rife  frOm  the  fluid  to  a  certain  height,  and 
then  difappcar.  An  attentive  eye  will  Joon  dif- 
rover  that  chis  cloud  coniiits  of  fmall  round  grains, 
■of  a  whitifti  colour,  and  detached  one  from  the 
other.  To  acquire  a  . more  diftinft  idea  of  their 
form,  yeu  may  bbferve  them  as  they  rife  from  the 
iiirfacc  of  the  liquor,  MUh  a  lens  of  about  one  inch 
and  half  focusj  being  careful,  however,  to  keep 
the  lens  out  of  the  vapours,  that  they  may  not  d«- 
privc  it  of  it's  tranfparcncy. 

You  tnay  thus  obfeivc  fphericai  baJIs  of  dif- 
fyrent 
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fcrent  fees  proceeding  from  the  furface  with  mon 
or  tefs  rapidity.  The  more  delicate  rife  with  ra- 
pidity, and  foon  traverfe  the  field  of  the  lens  -,  the 
larger  fall  back  into  the  cup,  and  without  mixing 
with  the  fluid;  roll  upon  it's  furface  like  a  light 
powder,  which  obeys  every  impulfe  of  the  air, 
and  arc  blown  from  one  edge  of  the  cup  10 
the  other,  even  when  there  is  no  apparent  agita- 
tion in  the  air.  Thefe  globules  may  be  fcen  on  a 
fudden  to  begin  to  move,  the  fmalkft  riling  by 
an  agitation  of  the  air  imperceptible  to  our  fcnfes, 
flying  off  and  difappearing,  whilft  the  largcft  it-t 
main  rolling  on  the  furface  uiihoul  quieting  itj 
at  other  tiroes  you  fee  foincofthcm,  which  were 
fufpended  in  the  air,  dcfcend  to  the. furface,  and 
there  reel  a  while  like  pigeons  on  a  ground  frelh 
fown,  then  on  the  fmalklt  agitation  rife  again,  and 
ily  away. 

The  lightnefs  of  thcfc  fmall  fpheres,  their 
whitenefs,  ^c.  gives  them  an  appearance  altoge- 
ther dirtcrent  from  folid  globules ;  their  perfect 
rcfemblance  to  the  larger  halls  that  arc  feen  floating 
on  the  furface  of  the  liquid  can  kavc  no  doubt  of 
their  nature;  it  is  fufhcicnt  to  fee  them  to  be 
convinced  that  they  are  hollow  bubbles,  like  thofe 
blown  from  water  and  foap. 

Mr.  Kratzcnflein  endeavoured  co  cAimate 
their  fize,  by  comparing  them  with  an  hair,  an4 
found  they  Mere  12  times  fmallcr  than  the  hair, 
,  whofe  diameter  was  the  '}ooth  part  of  an  inch,  and 
confequently  one  of  thelc  was  only  the  36coih  part 
of  the  fame  mcafure. 

To  obferve  them  more  readily,  Mr.  de  Sauf- 
fure  ufcd  a  kind  of  eolipile,  formed  cf  two  ba'Is, 
i.  e.  a  glais  tube  fealcd  at  A,  fig.  10,  pL  5,  vol.  i, 
open  at  D 1  the  two  balls  communicating  with 
each  other,  and  the  opening  or  neck'  D.  He  let 
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Tomt  drops  of  water  paft  intt>  th«  ball  B,  and 
placed  it  over  the  flame  of  a  fpirit  oL  wine  4anip  t 
fpiric  of  wine  was  ufed  that  the  balk  might  not 
be  obfcuird ;  as  foon  as  the  water  is  fenfibly  heated 
in  the  ball  B  (the  bail  C  beti^  yet  cold),  you  may 
fee  the  vapours  from  the  ball  B  enter  into  the  ball 
C,  and  there  condenfc  themfelvcs  in  the  form  (^ 
n  cloud)  which  is  entirely  compofcd  of  chefe  vefi-^ 
cles;  but  when  the  water  boils  in  B,  the  torrent 
of  elaftic  vapours  that  enter  C  warms  this  bait, 
end  the  vapour  being  no  longer  condenfed^  neither 
cloud  nor  veficles  are  feen ;  it  becomes  perfe&ly 
tranfparent,  and  the  jet  proceeds  from  the  neck 
B,  as  from  an  colipile.  If.  you  then  remove  the 
eolipile  from  the  flame,  and  coo),  by  means  of  cold 
water,  the  ball  C,  the  veiicular  vapours  will  again 
appear:  by  placing  this  ball  on  the  ftage  of  amU 
crofcope,  you  may  obfcrve  thefe  vapours  with  the 
greateft  convenience. 

You  may  even,  fometimes,  be  able  ta  obferve 
them  in  a  fog,  or  in  a  cloud  when  on  a  hill :  to  this 
end  Mr.  ide  Sauffurc  ufed  a  lens  of  one  and  a  half  or 
two  inches  focus,  which  he  held  near  his  eye  with 
one  hand  ;  in  the  other  he  held  any  fmooth,  flat,  and 
poliftied  furface  of  a  black  colour,  as  the  bottom  of  « 
'■  tortoifefhell  box  j  bringing  this  towards  the  lens, 
tin  it  was  very  near  the  focal  diftance  thereof,  he 
then  waited  till  |he  agitation  in  the  air  brought 
fomc  particles  of  the  cloud  into  the  focus  of  the 
lens ;  when  the  cloud  was  thick,  this  foon  happen- 
ed, and  he  perceived  round  and  white  particles 
pafiing  with  the  rapidity  of  lightning,  others  mov- 
ing flewly,  fome  rolling  upon  the  furface  of  the 
tortoifefticll,  others  ftr^'^i"g  againft  it  obliquely, 
^nd  rebounding  like  a  ball  from  a  wall,  others  fix- 
ing themfelvcs  rhcrcto.  Small  drops  of  water  might 
iijlb  be  perceived  to  fettle  on  the  tojtoifefhdl ;  out 
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they  were  eaflly  diftinguiftcd  from  the  hollow 
fbheniles,  by  their  tranfparency,  their  gravity,  and 
their  pace. 

Porther,  clouds  do  not  form  a  rainbow ;  it  is 
produced, by  folid  drops;  when  a  cloud  is  not 
m  an  afhi'al  ftate  of  refolution,  ir  docs  not  change 
the  form  of  the  ftars  that  are  fecn  through  it ;  for 
nfin  itely  thin  menifcuflcs  do  not  fenfibly  change 
the  courfe  of  the  rays  of  light.  But  as  foon  as  the 
cloud  begins  to  rcfolve  itlclf  in  Iblid  drops;  even 
without  clouds,  when  folid  drops  begin  to  be 
fcrmed  in  the  air,  the  ftars  feen  through  them  are 
il!  defined,  furroundcd  with  a  diffufe  fight,  circles, 
and  halos  ;  hence  tikcfe  meteors  are  the  forerunners 
of  rain,  for  rain  is  nothing  more  than  thefe  drops 
augmented  or  united.  When  the  veficular  vapours  ' 
arc  condenfed  by  cold,  the  water  which  formed  the 
bubble  cryftallifes,  fomctimes  intd  hoar  froft,  fome- 
timcs  into  fnOw ;  when  it  does  not  freeze,  they 
unite  in  dew,  or  defcend  in  rain.*'  Many  other  cu- 
rious properties  concerning  the  veficular  and  con- 
crete vapourt  are  relatea  in  Mr.  de  Sauilurc*^ 
excellent  Effiu  fur  i'Hygrometrie. 

Of  Mineral  Waters, 

A  full  inveftigation  of  the  properties  of  mi- 
ner»I  wat«fs  is  the  fubjeft  of  chemilhy  j  but 
finco  the  difcovcries  of  Dr.  Prieftley  it  has  fo  much 
analogy  with  philofophy,  that !  cannot  pafs  it  over 
entirely  in  filcnce. 

The  name  of  mineral  water  is  in  general  given 
to  any  water  which  is  found  to  be  fo  loaded  with  ■ 
foreign  principles  as  to  produce  a  different  effeA 
6/1  the  human  body  from  that  which  is  produced 
by  the  waters  commonly  ufcd  for  drink.  Our  an- 
Ccftofs  were  paniculirly  attentive  to  procHre- 
■  M'holefome 
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wholefoine  water;  it  nas  -thii  that  dctcimined* 
where  they  would  unite  co^ctfaer»  oiid  regulated 
their  choice  of  the  fituation  of  houfcs.  Hippoa-alcSt 
the  father  of  medjcinCr  was  well  acquainted  with 
the  influence  of  water  upon  the  human  frame,  and- 
aflirms  that  the  mere  quality  of  the  ufual  drink  is 
capable  of  modifying  and^jiroducing  a  dilVerencc 
among  men. 

When  we  confider  that  many  of  the  anciejit 
phtlofophcrs  fuppofcd  that  all  things  were  origi- 
nally derived  from  v'atcr,  it  is  evident  they  muft 
have  had  an  extcnfive  view  of  the  operations  of 
nature.  \Vc  fee  that  it  produces  dew,  ilouds,  rain, 
fnow,  and  other  meteors  -,  nor  c^  we  help  obferv-. 
ing  how  every  vegetable,  and  every  animal,  rifcs  out, 
gf  it. When  wechcmically  examine  the  materials  of 
which  animal  and  vcgctablefubftanccsarecompofed, 
we  find  waxer  to  be  a  principal  ingredient.  No- 
thing then  remains  but  the  folid  and  inanimate 
parts  of  the  globe  t  the  various  earths,  rocks,  ilones, 
and  minerals,  of  which  the  dry  land  and  vaft  mafa 
of  mountains  are  compofed,  even  thcfe,thc  more  wc 
examine  them  the  more  vte  have  reafon  to  think, 
derive  their  origin  from  vi-ater. 

In  marble,  chalk,  and  limeftone,  we  find  evi- 
dent traces  of  the  fea;  we  cannot  rationally  think 
otherwtfe  of  thefe  ftrata,  than  that  water  has  been 
greatly  concerned  in  their  origin.  And  furthcr,,as. 
we  find  thefe  flrata  irregularly  mixed  with'  the 
hardcll  rocks  both  above  and  below,  we  mult  con- 
fider them  as  fpringing  from  the  fame  fource.  On 
examining  the  rocky  ftrata,  you  will  find  marks 
which  plainly  point  out  that  they  originate  from, 
the  /ea.  Thus  the  ftrata  of  frceftone  which  are- 
very  extcnfive,  evidently  ftiew  from  their  appear- 
ance that  they  were  originally  fea-fand  ;  they  are 
divi4cd  info  fmall  Arata,  and  are  diftingulfhed  into 
horizontal 
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horizontal  layers,  and  have  the  fame  undul«tcd  rur- 
face  as  the  fand  of  the  fca-Hiore. 

V'linty  fuhdsncci  feem  to  form  the  flrongeft 
objedions  to  this  fyftcm,  as  they  refjft  the  ai^ion  of 
water  as  much  as  any  fubflanccs  in  nature:  but 
there  are  many  phenomena  in  nature  which  ihew 
that  calcareous  earth  k  convertible  by  length  of 
time  into  a  Hinty  matter;  and  marine  IhcUs  arc 
not  unfrcquenlly  met  uith  which  have  loft  their 
calcareous  nature,  and  are  converted  into  the  hard- 
ell  \ind  pnrcll  Hint.  In  bitumen  and  coals  we  find 
evident  traces  of  a  vegetable  origin. 

The  analyfis  of  uatcr  is  not  only  ufeful  in 
a  phyfical  point  of  view,  but  alfo  as  an  objeA 
of  medicine,  in  order  to  determine  whether  any 
water  is  ufeful,  to  know  thofc  uhich  poOefs  tnedl- 
.clnal  virtues,  and  apply  them  to  the  ufes  to  which 
^hcy  Are  fuited;  or  to  appropriate  to  difterenc 
works  and  manufa<5tories  the  waters  beft  calculated 
for  their  rcfpedive  purpofesi  to  corred  impure 
waters,  and  laftly  to  imitate  the  known  mineral  wa~ 
iers  at  all  places,  and  at  all  times.  \Vhether  you 
confider  mineral  waters  with  refped  to  their  for- 
mation, or  the  benefit  which  accrues  from  them, 
we  have  rcafon  to  eftimate  them  as  precious  gifts  of 
Divine  Providence.  But  it  is  with  thefe  as  with 
many  other  blefTmgs,  we  are  too  often  heedlcfs  and 
ungrateful.  "  How  many,  for  whom  the  wonders  of 
creation,  providence,  and  redemption,  tuMC  been 
wrought,  that  think  them  not  worthy  their  atten- 
tion !  Angels  admire  and  adore,  where  man  will 
;iot  deign  to  caft  an  eye,  or  employ  a  thoaglit." 

The  mineral  waters  aredivided  into  diifereat 
heads,  according  to  the  fubfhtnces  they  coiiUin: 

1.  The  aciduhui,  which  contain  an  aeriform 
fluid,  which  gives  Jthefe  waters  a  brillvncfs  like  that 
.^fa  fci;mcntii^.     This  brUkacf»  is  molt  apparcHt 

whqi 
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when  the  wyer  is  poured  frowi  one  veflel  to 
another ;  it  U  fometin);s  fo  confideiabk  ts  to  burft 
the  bottle.  They  redden  the  tiniture  of  tumfolc, 
«nd  precipitate  lime-water. 

2.  An  acid  is  fometimes  found  in  the  waters 
of  fprings,  giving  them  a  veryfenfiblc  acidit7;  this 
generally  arife^  from  the  vitriolic  acid :  this  acid 
^ss,  however,  in  general,  fo  (Vrong  a  difpofition  to 
unite  with  the  various  fiibftances  through  which 
the  water  of  a  fpring  paffes,  that  it  is  fcldom  found 
ina  feparate  (tate  in  the  water. 

3.  An  alkaline  fait  is  fometimes  met  with  in 
"water;  this  is  in  general  the  fofiil  alkali. 

4.  Neutral  fatts.  Of  thefe,  thofe  that  arc  moft 
generally  found  are  common  fait,  and  fometimes 
nitre. 

J.  Earthy  fubftances.  Of  thefe  the  calcareous 
is  fometimes  found.  There  are  mineral  waters 
■which  contain  fo  much  calcareous  earth,  as  to, 
become  petrifying  to  other  bodies. 

6.  Earthy  compounds.  Thus  you  may  often 
find  calcareous  and  other  earths  fufpended  in  water 
by  means  of  an  acid.  Thusgypfum  is  contained 
in  almoft  all  waters,  Epfom  fait  is  found  in  great 
quantities,  and  allum  is  fometimes  to  be  met  with. 

7.  Sulplwreous  waters.      Thefe  waters  have 
\becn  long  conlidepcd  as  holding  fulphur  in  folu- 

tion ;  but  Bei|;man  bas  proved  that'  moft  of  thefe 
waters  are  more  impregnated  with  hepatic  gas: 
this  clftfs  is  known  by  emitting  the  fmell  of  rotten 
eggs. 

%.  Martial  wtters.  Thtfc  havt  a  very  aftrin- 
geot  ttfte,  and  exhibit  3  blue  colour  by  the  folu- 
tiooof  precipitate  of  lime.  The  iron  is  held  in 
foliltion  either  by  fixed  air,  or  the  vitriolic  acid. 

Sometimes  the  acid  is  in  txcefs,  and  the  wa- 
ters have  a  penetrating  fBb^«:id  tafte,  as  I^rmont 
*t>d  Spa  water. 

Sometimes 
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'Sometimes  the  acid  is  not  in  excels,  and  the 
watws  are  not  acidulous. 

-  In  chemical  writers  yoa  will  find  the  methoc!! 
of  analyfing  thefe  dittercnt,  waters.  When  the 
analysis  is  well  made,  the  fynthefiii.  is  no  longer  dif--.. 
ficuk.  And  the  imitation  of  mineral  wait;rs  U 
now  no  infolubie  problem.  The  procelTcs  of  na^i 
ture  are  inimitable  only  in  thofe  operations  tha^ 
arc  vital.  In  this  inAance  we  can  do  more  tha4 
imitate,  wc  can  vary  at  pleafure  the  nature  ami 
proportion  of  the  conftituent  parts,  and  give  them,- 
as  circumftances  require,  more  or  lefs  enej;gif. 
In  artificial  waterstheingreUicntsareknowna  while 
the  ingredients  of  waters  in  their  natural  ftatc  arc 
always  unknown. 

That  which  Dr.  Johnfon  has  obfcrved  of  4 
poet  is  equally  applicable  to  a  philofopher.  .  To 
him  nothing  can  be  ufelefs.  Whatever  is  beauti- 
ful, and  whatever  is  dreadful,  Should  be  familiar  to 
his  mind ;  he  ftiould  be  conycrfant  with  all  that  is 
awfully  vaft,  or  elegantly  little.  The  plants  of  the 
garden,  the  animals  of  the  wood,'  the  minerals  of 
the  earth,  and  the  meteors  of  the  Iky,  Ihouid  all 
concur  to  enrich  his  mind.  By  him  no  kind  of 
knowledge  fhould  be  overlooked,  he  fliould  range 
mountains  and  deferts,  explore  every  tree  of  ihq 
foreft  and  flower  of  the  vall^,  th<  crags  of  the 
rock,  the  mazes  of  the  flrcam,  and  the  great  wida 
lea,  with  it's  uaounibercd  inhabitants;  he  will  fimt 
them  all 

— fpeak  their  Maker  m  ihey  can, 
But  wjutt  and  aik  the  longue.uf  cnin : 
calling  upon  hkn  to  praife  his  redeemii^  0*9, 
'who  in  the  intcUcAual,  as  in  the-matcrial  wwM,  19 
Lord  and  Kino  ;  who  is  obeyed  by  the  3mg^s,.m 
heaven,  ferved  by  the  church  upon  earth.atidTeareii 
by  the  fpirits  imprifoned  in  deep  places  bieaciitb.- 
I  Look 
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Look  at  every*  thing  in  nature;  look  ac  alt  the 
■  variety  of  treaiures  therein  ;  confider  it  in  all  it's 
height  and  depth,  in  all  it's  variety  of  operations  ; 
ami  you  will  find  it  is  only  for  this  end,  that  it 
may  in  it's  infinite  variety  of  degrees  and  capaci- 
ties manifeft  the  hidden  riches,  the  invifible  pow- 
<rs,  and  glories  of  the  fpi  ritual  world  ;  and  be  as  fo 
many  founds  and  voices,  preachers  and  trumpets, 
giving  glory,  praifc,  and  thankfgiving  to  the  God 
or  Love. 

The  prefent  Leisure  has  afforded  you  frcfli 
inftanccs  of  the  wonders  and  variety,  the  harmony 
and  magnificence  difcoverable  in  the  works  of  God. 
There  is  not,  for  inftance,  in  nature  a  more  augufl 
and  flriking  object  than  the  ocrjn.  It's  inhabi- 
tants are  as  numerous  as  thofc  on  land  ;  nor  is  the 
■wifdom  and  the  power  of  the  Creator  Icfsdifplayed 
in  their  formation  and  prefcrvation,  from  the 
fmalleft  fiih  that  fwims  to  the  leviathan  himfelf. 
Nor  is  there  any  image  which  gives  us  a  grander 
idea  of  the  power  and  grcatnefs  of  God,  who 
faath  this  raging  element  fo  much  under  his  com- 
mand :  hence  he  is  rcprefentcd  in  holy  writ  as 
holding  it  in  the  hollow  of  his  hand. 

There  the  creatures  of  God  multiply  in  a 
much  greater  proportion  than  by  land,  and  are 
maintained  withoiit'the  coft  or  attendance  of  man; 
they  are  a  fingular  flock,  which  have  no  fhepherd 
but  the  Creator  hinifeif,  who  conduds  them  at 
different  feafons  in  innumerable  flioals  to  fupply 
the  world  with  nouridmicnt. 

By  means  of  navij^ation  Providencd  hath 
'4^ned  a  communication  between  the  moft  Hiftant 
inits  of  the  globe ;  rhc  largeft  folid  bodies  arc 
.wafted  with  incredible  fwiftnefs  upon  o»f/«/rfby 
the  impulje  of  another,  and  feas  join  the  countries 
which  thev  appear  to  divide. 

■  i  The 
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The  watcra  of.  the  fta  are  not  ©tily  prevented 
from  deftroying  the  earth,  but  by  a  wonderful 
machinery  are  rendered  the  means  of  preicrving 
.  every  living  thing  which  moveth  thereon.-  Rirtly 
afcending  from  the  great  deep  throUgh  the  ftrata 
of  the  earth,  partly  exhaled  in  vap«ur  from  the 
furface  of  the  ocean  into  the  air,  and  from  thence 
falling  in  rain,  efpecially  on  the  topa  and  fides  tff 
mountains,  where  they  break  forth  in  frefli  water' 
fprings,  having  left  their  falts  behind  them;  they 
trickle  through  the  valleys,  receiving  newfupplies 
as  they  go ;  they  become  lai^  rivers,  and  after 
watering  by  their  innumerable  turnings  and  wind- 
ings immenfc  tracts  of  country,  they  return  to  the 
place  from  whence  they  came.  The  fertility  of  the 
earth  is  owing  to  God,  "  who  watereth  the  bills  from 
biscbamhers"  Hence  all  theglory  and  beauty  of  the 
vegetable  world ;  hence  the  grafs  that  nourilheth 
the  cattle,  diat  they  may  nourifli  the  human  race; 
hence  the  green  herb  ior  food  and  medicine; 
hence  fields  covered  with  corn  for  the  fupporcof 
life;  hence  vine  and  olive  trees  laden  with  fniia. 
whofe  juices  exhilarate  the  heart,  and  brighten  the 
countenance. 

They  who  in  old  times  paid  their  devotions 
to  the  elements,  imagined  thofe  elements  to  be 
capable  of  giving  or  withholding  rain  at  pleafure. 
Therefore,  we  find,  the  prophet  Jeremiab  reclaim- 
er^ that  power  to  Jeuovah,  as  the  God  who  made 
and  governed  the  world.  "  Are  there  any  among 
the  vanities  of  the  ^ntiles  that  can  caufe  rain  ?  Or 
ican  the  heavens  give  fhowers?  Art  not  thou  he« 
O  Jehovah,  our  God  ?  Therefore  we  will  wait 
upon  thee  :  for  thou  haft  made  all  thefe  things." 
Among  the  Greeks  and  Romans,  wc  meet  with  a 
Jupiter  poUefTed  of  the  thunder  and  the  lightn(i^, 
and  an  ^lus  ruling  over  the  winds  t  but  divine 
revclatioa 
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nvetation  teachca  iw  to  reftore  the  celcAiat  artil- 
lery to  it's  rightful  owner.  Jehovah,  the  God  of 
Ifra«l.  the  Crbator  of  the  univerfe,  the  Rxdeemir 
of  iQankiadi  contrived  the  wonderful  machinery. 
of  light-'and  air.  by  which  vapours  areraifed  from 
the  'earthy  compared  into  clouds^  and  dif^Ued 
into  rain.  At  hia  command  the  winds  are  fud- 
deoly  in  motion,  and  fuddcnlyat  refl  again.  Wc 
hear  the  found,  but  cuuiot  teU  whence  they  come, 
or  whither  they  go.  • 

Be  particularly  careful  then  that  you  never 
term  any  efte<^  natural^  with  the  intention  to 
deny  thereby  that  it  is  divtue,  or  to  exclude  God 
entirely  out  of  it ;  ^  for  the  Great  Architect 
neceffarily  prefidcs  over  and  direifts  every  wheel  of 
bis  machine.  It  is  he  that  clothes  the  grafs  of 
the  field,  and  fendeth  the  fpring  into  the  rivers. 
It  is  H£  that  gives  corn,  and  wine,  and  oil.  It  is  he 
alfo  that  fcncu  famine,  fword,  and  peflilence.  One 
timeanq>idei]QicdiftemperrMedi  aSam.  xxiv.17,- 
and  that  we  might  not  hereafter  on  fuch  occafiMis 
hak  dime  to  the  noxiws  ^walilies  in  tbe  air,  &c.  the 
veil  was  for  once  drawn  afide,  and  presented  to 
open  view  the  deftroying  angel  of  the  Moft  High. 

N«  kt  the  pert  rcalbner  flatter  himfelf  that 
this  is  a  fyflnn  only  for  thofe  who  believe  the 
bible.  It  ia  unpoffible  to  conceive  aay  religion 
at  all,  even  eKclulivcof  levelxtioB;  that  is,  in  other 
VOrd^  to  COOCeive  any  tntft,  refignatiott,  repemt- 
■mut^  or  ervtiiudt,  towards  the  Deity,  adapted  to 
tbe  fiKceffive  fcenes  of  human  life,  upon  any  ether 
SauvimoB.  Kq  Indepctldencc  can  be  afcribed  to 
the  croMurc;  even  the  fun,  the  moft  glorious  in- 
fbmBKtit  of  created  power,  viftble  in  the  univerfe, 
/rmn  bin  firA  gloritms  appearance  to  this  good 
4uf,  never  fted  ope  ray  of  light  by  any  intnnlic 
fUXweXtfii  inhttcnt  virtue  of.his  own. 

The 
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The /ource  of  ///>,  leauly,  and  perfeffion,  is  too 
often  unperceived  by  the  merenaturalift.  But  he, 
vvhofe  eye  is  opened  and  illuminated  by  truth,  fees, 
contemplates,  arid  adores  the  author  and  univer- 
S4,L  PRINCIPLE  OF  LIFE;  and  finds  HIM  perpetually 
manifefting  himself  in  every  objedl  of  nature,  ac- 
cording to  it's  capacity  or  aptitude  to  receive  his 
enlivening  beams.  Separated  from  bis  life-giving 
eneTgy,  the  whole  creation  of  beings,  material  2A 
well  as  inteilctflual,  muft  remain  in  a  ftate  of  death. 
Nought  but  HIS  animating  breath  can  call  them 
forth  into  life,  and  array  them  with  robes  of 
beauty. 


Vol.  II.  H  LECTURE 
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LECTURE  XIV. 

Oh   the  Method  of  Reasoning  in  Natukai 

Philosophy. 

IN  the  propofals  for  thefe  Leisures,  I  engaged  to 
point  out  to  you  the  true  method  of  reafoning 
in  philofophy,  that  you  might  be  cnabted  to  dillin- 
guilh  what  is  found  and  lolid  therein,  from  what 
IS  hollow  and  vain.  This  cannot,  I  think,  be 
done  more  effefiualJy  than  by  introducing  you  to 
the  writings  of  Lord  Bacon,  whofe  plan  for  the 
improvement  of  knowledge  comprehends  the  whole 
compafs  of  nature.  He  may  be  confidered  as  the 
great  reftorer  of  true  learning,  and  the  founder  of 
experimental  pbilo/ophy ;  having  done  more  towards 
deteAing  the  fources  of  former  errors  and  preju- 
dices, and  towards  eftablilhing  a  true  method  of 
'  philofophifing,  than  was  effe^ed  by  all  the  philo-' 
lophers  of  the  preceding  ages. 

He  has  given  us  an  erganum  of  a  different 
origin  and  conhrut^ion  from  that  of  Ariftotle ;  one 
which,  inftead  o(  puzzling  all  learning  with  artifi- 
cial forms,  and  perplexing  all  knowledge  with  dif- 
putation,  puts  truib  and  nature  to  the  torture  by  a 
thoufand  trials,  and  forces  them  to  confefs  thofe 
fecrets,  which  in  fpite  oijyllegi/m  had  hitherto  Iain 
concealed,  and  by  the  difcovery  of  which  arts  and  ' 
fciences  have  been  advanced,  to  the  great  honour 
of  learning  and  advantage  of  fociety. 

Two  circumflances  add  greatly  to  the  merit 
of  Lord  Bacon.  The  firfl  is,  that  at  the  time  his- 
work  was  written,  the  world  had  feen  no  model  of 
indudive  reafoning,  from  which  it's  rules  might  be 
deduced  with  amplitude  and  prccilion.  Poets  and 
9riU9rs  had. brought  their  arts  to  perfe&ion,  ere 

they 
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they  were  dcfcribcd  by  Arijiotle  -,  his  rillcs  were 
drawn  from  the  moft  pcrfeiit  models  Of  thofe  arts 
that  have  yet  appeared :  but  the  art  of  interpreting 
nature  was  "jK  in  embryo,  when  Bacon  with  un- 
common energy  of  mmd  delineated  it's  manly  fea- 
tures and  proportions.  The  fecond  circumftancc 
which  does  our  noble  auchor  peculiar  honour,  i^ 
that  he  was  free  from  every  view  of  founding  s 
fed  in  philofophy,  or  aiming  to  procure  follow- 
ers: he  was  animated  with  better  profpeds,  and 
more  diftintercfted  views.  He  deflred  only  to  lead 
mankind  as  it  were  by  the  hand,  and  to  inftru<5t: 
them  fo  to  follow  nature,  as  to  be  under  no  neceflity 
of  following  any  philofopher  whatfoever. 

The  pidure  of  a  true  philofopher  cannot  be 
better  drawn  than  by  Bacon's  own  pencil,  and  in 
his  own  example-  You  find  in  him  a  love  of  fci- 
cncc,  it's  intereft  and  advancement,  yet  without 
afFeding  the  pomp  of  learning  j  he  is  a  free,  im- 
partial, and  honeu  cenfor  of  paft  times,  yet  with- 
out haughtinefs  or  pride ;  his  judgment  is  correct 
andfolidihis  wit,  though  lively  and  fublime,  never 
gives  into  a  wild  and  profane  licence,  or  rude  in- 
fult  upon  facred  things.  His  imagination  was 
fruitful  and  extenlive,  ranging  at  large  through  all 
the  times  and  regions  of  the  univerfe,  fuggefting 
new  thoughts  and  ideas,  and  fupptying  him  with 
images  to  exprefs  and  embody  thofe  ideas.  In  htnf, 
with  the  utmoft  lexical  precifion,  you  have  the  fub- 
limefi  eloquence  I  and  you  find  him  in  his  "  ad- 
VANCBMENT  OF  LEARNING."  triumphiDg  over  thc 
barbarifm  of  the  preceding  ages,  and  over  the 
pedantry  of  that  in  which  he  lived.  His  know- 
ledge was  fo  comprehenfive  and  univerfal,  that  he 
feems  to  have  been  the  profeflbr  of  every  fcience, 
not  only  acquainted  and  familiar  with  all  ages, 
but  admitted  as  a.  minilter  into  the  infpedtion  and 
myfteries  of  all  nature.    Amidlt  this  mafs  of  ac- 
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(quired  wealth,  tiic  flrcngth  and  fplcndor  of  his 
'oMnftockjfliining  forth  unimpaired  and  Ainrivallcd, 
lending  a  luftrc  to  the  authority  he  produces,  his 
depth,  his  ftrcngth,  his  dignity, "  and  rpajcfty,  fct 
him  up  above  every  lettered  name. 
"  With  a  capacity  of  more  than  ordinary  fizc, 
a  giant  in  the  iiitelledual  w<^rld.  Fie  breaks  through 
the  chains  with  which  authority  or  tradition  had 
fettered  the  human  mind,  fubducs  the  errors 
formed  and  foftered  by  fuperftitlon  and  ignorance, 
■  paflcs  the  columns  fixed  as  the  boundaries  of  hu- 
man knowledge,  and  opens  new  trails  of  light  and 
regions  of  truth,  that  were  before  thought  incapable 
ofculture  or  profit ;  intent  as  it  were  upon  nothing 
"but  truth,  or  in  his  own  npble  language.  "  van- 
quifhed  with  the  immortal  love  of  truth."  While 
hcdetetfls  and  profcribcs  vulgarerrors,  he  commits 
no  outrage  upon  the  ancient  occupiers,  nor  offers 
any  grofs  inuilt  upon  the  common  fentiments  of 
inanRind,  Nor  have  we,  fays  he,  fct  ofFourftlves 
with  glory  to  draw  a  majcfiiy  upon  our  inventions, 
either  by  triumphs  of  confutation,  or  depofitions 
of  antiquity,  an  ufurpation  of  authority,  or  the  veil 
of  obfcurity.  Thus  with  a  fupcriority  without  the 
pride  of  genius,  we  need  not  wonder,  that,  humble 
as  the  humblcll  child  of  faith,  he  difavows  what- 
ever does  Impair  or  intrench  upon  facrcd  truth,  and 
addrcffes  the  Lord  for  adiftance  and  illumination 
in  his  arduous  undertaking.* 

The  end  of  natural  philofophy  is  to  incrcafc 
either  the  knowledge  or  power  of  man,  and  en- 
able him  to  underftand  the  ways  and  procedure  of 
nature.  By  difcovcring  the  laws  of  nature,  he  ac- 
quires knowledge,  and  obtains  power;  for  when 

thefe 

•  Hunter's  Sketch  of  Lord  Bolin"broke. 
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thefe  laws  are  difcovered,    he  can  ufe  them  as. 
rules  of  practice,  to  equal,  fubdue,  or  even  excel 
nature  by  art.      Upon  the  difcovery  o£-  thcfe  laws, 
depends  the  perfedion  of  philofophy,  and  the  en-  ■ 
■  largcmcnc  of  human  knowledge  and  power. 

For  this  great  end  Z^nt  Bacon  exhibits  a  more 
perfeft  method  of  employing  the  rational  faculty 
than  mankind  had  been  accuftomcd  to ;  and  fhews 
them  in  what  manner  they  may  exalt  and  improve 
the  underftanding,  conquer  the  difficulties,  and  re- 
move the  obfcuritics  of  nature.  The  firft  part  of 
his  Novum  Organum,  which  may  be  called  a  gram- 
mar of  ibe  language  of  nature,  is  defigned  to  pre- 
pare and  purify  the  mind,  that  il  may  be  fit  to. 
receive  the  inflruclions,  and  ufe  the  inftruments* 
laid  down  in  the  fccond  part. 

The  human  mind,  like  a  mirror,  muft  be 
fmoothed  and  poFifhed,  freed  from  falfe  imagina- 
tions and  perverted  notions,  before  it  is  fit  tp  re- 
ifeive  and  rcfleil  the  ligbi  of  truth,  and  juft  infor- 
matioi).  You  may  therefore,  with  the  Pythagore- 
ans, Jay  it  down  jis  a  maxim,  that  human  advance- 
ments fhould  be  preceded  by,  or  accompanied 
\vith,  a  fuitable  degree  of  purification  ;  for  as  the 
difeafcd  eye  endures  not^tiJl  it  be  reftored  to  health, 
the  view  of  bright  objcitts,  fo  neither  can  the  mind, 
without  due  purification,  ftcadily  contemplate  the 
beauty  and  fplcndor  of  truth. 

We  muft  therefore,  in  the  purfuit  of  truth, 
diveft  ourfclves  of  all  the  idols  or  falfe  notions 
that  poITcfs  the  mind.  To  every  l/ias  of  the  under- 
flanding,  by  which  a  man  may  be  mifled  in  judg- 
ifig,  or  be  drawn  into  error,  Lord  Bacon  gives  the 
name  of  idol;  a  word  that  jnftly  charactcrifcs  falfe 
fcicnce;  for  erroneous  knowledge  is  a  fpecics  of 
idolatry,  a  worfliip paid  to  falfe  ggds,  which  is  only 
due  to  the  true  one. 

H  3  All 
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AH  falfehood  is  oppofitc  to  truth.  Error  is 
that  falfehood,  which  availing  itfelf  either  of  the 
weaknefs  of  the  underjianding,  the  depravity  of  the 
wilt,  or  the  undue  influence  of  the  imagination, 
alTunics  the  appearance  of  truth.  Truth  is  the 
health,  error  the  diforder  of  the  mind.  By  puri- 
fying the  mind  from  error,  you  will  become  a  fit 
j-eceptarle  for  divine  truth;  by  purifying  your 
hearts,  you  wii!  be  conjoined  to  divine  goodre/s, 
and  will  enjoy  the  happinefs  refulting  from  fo  ex- 
alted a  conjuntf^ion. 

The  idols  of  the  mind  are  either  acquired  or 
patural,  proceeding  from  thc.doftrines  and  opi- 
nions of  men,  the  perverted  and  corrupt  laws  am] 
inethods  of  de'monlt ration,  or  elfe  are  mhercnt  in 
the  very  conftitution  of  the  mind  itfelf.  Your 
firft  labour  fhould  therefore,  be  to  liberate  the 
mind  from  falfe  theories  i  the  next  fhould  be  to  re- 
leafe  it  from  the  flavery  of  perverted  demonftra- 
tions }  and  the  laft  io  put  a  check  upon  it's  owri 
fcdudtive  powers,  and  either  pluck  out  the  inherent 
idols,  or  foto  watch  over  them  that  the  depravities 
they  occaf>on  may  be  corredled.  It  is  a  long  time 
before  we  can  be  brought  to  fee  any  thing  amifs  in 
the  way  we  have  been  ufed  to ;  and  even  when  we 
do,  it  is  not  eafy  to  change  what  is  wrong.  Where 
there  is  a  chain  of  prejudice  or  wrong  iiai  on  the 
linderftanding,  it  will  neither  perceive  clearly,  xvyf 
adhere  firmly,  to  the  truth  ;  it  will  confound  things 
fhat  are  different,  and  obfcure  things  that  arc  clear. 
fhe  tafk  is  difficult,  but  the  reward  is  great, 

It  is  therefore  incumbent  on  every  philofo- 
pher  to  cultivate  a  difpofition  of  mind,  which  will 
jnakc  hiip  open  to  conviftion,  and  ready  to  aci 
knowledge  and  rcftify  miftakes.  An  obftipate  ad- 
Jicrence  (p  error  ger)ei-aily  arifcs  from  felf-conceit, 
orabigotted  attachment  to  a  fyftem.  True  wifdom.' 
is  cvfr  3^ccpmpanie4  with  diffidpiice  an?!  humility, 


..,Coo'il^ 


Of  Reasoning  tn  Phu-osophy.  103 

Lord  Bacon  divides  the  unfavourable  prepof- 
felTions  of  the  mind  ii\to  four  clalTes ;  the  idols 

OF    THE    TRIBE,    IDOLS    OF    THE  DEN,    IDOLS  OP  THE 
MARKET,    IDOLS  OF  THE  THSATRE.* 

The  idols  of  the  trile,  are  thofc  which  are 
common  to  all  men,  fuch  as  befet  the  whole  ipe- 
ciesj  they  ahfe.from  the  principles  of  the  human 
conflitution,  and  may  have  their  ufes  in  the  pre- 
fcnt  flate  of  human  nature  j  but  by  excefa,  or  defeat, 
or  wrong  dircftion,  lead  us  into  much  error.  The 
human  underllanding  refembles  a  mirror  of  an  ir- 
regular furface,  which  mixing  it's  owi^  nature  with 
the  nature  of  things,  diftorts  and  perverts  them. 
Philofophers  (hould  always  endeavour  to  conceive 
things  as  forming  part  of  the  univerfe,  and  as  hav- 
ing their  appropriate  oHice  and  ufe  therein;  whereas 
they  are  too  apt  to  confider  them  only  as  they  have 
fome  particular  relation  to  the  fetifes,  a  way  by 
which  you  will  never  difcover  their  lyftematical  or  v 
cofmical  ufe  and  qualities. 

The  idols  common  to  human  nature  are  lb 
numerous,  that  a  few  only  of  them  can  be  confidered 
in  this  place:  of  thefe  the  firft  is  authority,^ 
by  which  men  are  prone  to  be  led  too  much  in  their 
opinions. 

It  afhxes,  as  it  were,  the  feal  of  infallibility 
on  thefe  opinions,  it  bars  the  door  of  faience,  and 
in  a  mcafure  deftroys  the  hopes  of  pofterity.  We 
ought  ever  to  prefs  forward,  nor  ever  conceive 
that  the  labour^  of  one  man  can  have  fct  limits  to 
-  human  knowledge,  or  henrken  to  thofe,  who,  hav- 
ing erected  an  idolatrous  temple  to  his  fame,  would 
have  us  Hop  and  worfhip,  nor  prefume  to  pafs  the 
boundaries  they  have  marked  for  human  reafon^I 
H4  There 

*  Idols  tribui,  idftla  fpeciu,  idota  fori,  idoU  iheatrt. 

+  Reid  on  the  Inlelleclual  Powers  of  ihe  Mind,  p.  653. 

J  Young'i  EITsy  on  the  Powers  and  Mecuanilm  ot  Nitnre, 
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There  never  was  more  nccejTitv  than  at  prefcnt  to 
point  Out  the  dangers  arifing  from  the  influence  of 
authority,  as  you  will  find  fomc  philofophers"  re- 
quiring an  implicit  faith  in  the  opinions  they  have 
adopted ;  not  confidering  that  while  our  knowledge 
remains  imperfect,  our  opinions  mufl:  be  mingled 
with  error.     It  is  from  this  implicit  truft  upon  the 

■credit  and  blind  errors  of  others,  that  fpring  all 
ihofe  vulgar  errors  cherifhcd  from  age  to  age  by 
the  blindnefs  of  prejudice  and  inveteracy  of  habit. 
In  all  matters  within  our  cognifance,  every 
man  muft  be  determined  by  his  own  final  judg- 
ment, otherwife  he  does  not  a<3:  the  part  of  a  ra- 
tional being.  Authority  may  add  weight  to  one 
fcale.but  man  holds  the  ballance  and  judges  what 
weight  he  ought  to  allow  to  authority.  No  claim  can 
deprive  us  ot  this  right,  or  excufe  uft  forncglefling 

'to  exercife  it.  Authority,  however,  has  it's  ufe; 
in  the  firft  part  of'Hfe  we  have  no  other  guide, 
and  without  a  difpofition  to  receive  implicitly 
what  we  are  taught,  we  fhould  be  incapable  of  in- 
ftruiilion,  and  incapable  of  improvement.     Even 

■  when  judgment  is  ripe,  there  are  many  things  in 
-which  we  arc  incompetent  judges.  In  fuch  matters 
it  is  moft  reafonable  to  rely  upon  the  authority  of 
thofe,  whom  we  believe  to  be  competent  and  difin- 
tercfled.  In  matters  that  we  have  accefs  to  know, 
authority  always  will  have,  and  ought  to  have,  more 
or  lefs  weight  in  proportion  tatheevidence  on  which 

our 

*  The  rollowing  pangnphs  are  rpecicnens  among  many  of  ihe 
undue  iDduence  given  lo  n^mei. 

"  Sir  Ifaac  Newton  is  the  perfon  to  whom  we  owe  thffe  ol»- 
ligatians,  and  wlio  is  henccFotih  lo  be  confnlciecl  at  our  only  fart 
guide  and  infiruRar."  Again,  •'  Newron  has  difcovered  tha 
chaos,  and  fepjrated  the  light  from  the  darknefs;  his  inimitable 
work,  the  Mathcmatic^al  Principle*  oF  Naiuial  Phitolbphy,  con- 
tains the  iTve  afironimieal  failli ;  and  thofe  U'So  rije^  it'i  doUrina, 
art  tht  worfi  efkeretict,  a*  they  (hut  their  eyea  againg  the  dearcli 
of  idl  light,  demoaltraiioa," 
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our  judgment  rcfts,and  the  opinion  uc  liave  of  the 
judgment  and  candour  of  thofe  who  differ  frpm 
or  agree  with  us.  Our  refpedt  for  authority  may 
therefore  be  tco  great,  or  too  fmall.  The  modcft 
man,  confcious  of  his  own  fallibility  in  judging,  is 
in  danger  of  yielding  too  much  to  authority;  the 
arrogant,  of  giving  too  little, 

2dly.  The  mind  is  apt  to  form  imaginary 
relations,  and  to,  fuppofe  a  greater  regularity  and 
uniformity  among  things  than  what  really  exifts. 
Our  natural  impatience  is  continually  leading  tis 
to  refer  all  events  to  certain  general  laws,  and  pre- 
vents our  following  the  How,  but  furc  nicThod  of 
inveftigation.  And  though  many  things  in  nature 
are  in  fome  meafure  fingularj  or  extremely  diflimi- 
lar,  the  mind  is  feigning  parallels,  correfpondcn- 
cies,  and  imaginary  analogies,  which  have  no  exig- 
ence. Arguments  from  analogy  readily  prcfent 
themfelves  to  a  warm  imagination,  while  thofc' 
that  are  deduced  from  experiment  and  obfcrvation 
require  ftrong  exertions  of  the  mind,  and  cannot 
be  formed  without  attention  and  application. 

In  the  fame  manner  we  are  apt  to  conceive  a. 
greater  fimplicity  in  nature,  than  there  really  is. 
To  love  fimplicity,  and  to  be  plcafed  with  it  whcre- 
cver  we  find  it,  is  no  imperfection,  but  the  con- 
trary. There  is  without  doubt  in  every  part  of 
creation  all  the  beautiful  fimplicity  which  is  con- 
fident with  the  end  for  which  it  was  made.  The 
more  we  Jcnow,  the  more  wc  difcovcr  the  unifor- 
mity and  fimplicity  in  nature,  when  compared 
with  the  vaft  extent  and  variety  of  operations 
therein.  But  if  we  hope  to  difcover  how  nature 
brings  about  it's  ends  merely  from  this  principle, 
that  it  operates  in  the  fimpleft  and  belt  way,  wc 
deceive  ourfelves,  and  forget  that  the  wifdom  ope- 
rating in  nature  is  more  above  the  wifdom  of  man, 
than  man's  wifdom  is  above  that  of  a  child.  It  is 
j  indeed  , 
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indeed  a  maxim  in  philofophy,  we  muft  not  imput« 
to  many  caufcs  what  can  be  cffctfted  by  one  ;  this 
principle  is  no  doubt  right,  but  haw  are  we  to 
judge  what  is  fimple,  or  what  is  osconomical  in 
nature  ?  only  by  endeavouring  to  difcovcr  every 
thing  that  is  neccflary  to  the  produdlion  of  this 
efFea,  and  muft  ufe  in  our  explanation  every  caufe 
thus  difcovcrcd,  whether  they  be  many  or  few. 

It  was  believed  for  many  ages,  that  all  the  va-^ 
riety  of  concrete  bodies  y/c  find  on  this  globe  is 
reducible  to  four  elements,  of  which  they  are  com- 
pounded, and  into  which  they  may  be  rcfolved.  It 
lifras  the  fimplicity  of  this  theory,  not  any  evidence 
.from  fa<ft,  that  made  it  fo  generally  received  ;  for 
the  more  it  is  examined,  wc  find  lefs  ground  to  be- 
lieve it. 

,  When  a  real  caufe  is,  difcovercd,  the  fame 
love  of  fimplicity  leads  men  to  attribute  to  it  ef- 
feds  which  are  beyond  it's  province.  A  medicine 
that  is  found  to  be  of  great  ufe  in  one  diftemper, 
commonly  has  ic's  virtues  multiplied  till  it  be- 
comes a  panacea.  In  other  branches  of  know- 
ledge the  fame  thing  often  happens.  When  our 
littention  is  turned  to  any  particular  caufe  capable 
of  producing  remarkable  effects,  there  is  great 
danger  of  extending  i^'s  influence,  upon  flight  evi- 
dence, to  things  with  which  it  has  no  connexion. 

We  are  in  the  dark  with  regard  to  the  real 
caufes  of  the  greater  part  of  the  phenomena  of  na- 
ture, and  have,  at  the  fame  time,  an  avidity  to 
know  them ;  hence  ingenious  men  frame  con- 
jedlures,  which  thofe  of  weaker  underftandings 
Jake  for  truth.  The  fare  is  coarfe,  but  appetite 
makes  it  go  down. 

3dJy.  The  mind,  when  it  is  once  pleafed  with 
certam  things,  has  a  natural  tendency  to  draw  all 
others  to  confent  and  go  along  with  them  j  and 
though  the  number  of  inftanccs  that  make  for 

^  the 
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the  contrary  is  greater,  yet  it  either  does  not 
attend  to,  or  defpifcs  them,  often  reje&ing  them 
by  fome  frivolous  difliniftion,  pointed  out  by  a 
ftrong  and  pernicious  prejudice,  in  order  to  main- 
tain the  authority  of  it's  firft  choice  unviolated. 
Diagoras,  on  being  ihewed  in  the  temple  of  Nep- 
tune many  votive  piSiures,  of  fuch  as  had  efcaped 
fhipwreck,  vas  alkcd  by  his  guide  whether  he  did 
not  acknowledge  the  divine  power?  wifely  an- 
fwered,  Sbexv  me,  firft,  ivhere  tbqfe  are  painted  thai 
were  Jhipu-reckrd  after  having  thus  paid  their 
vera.'!  ?  Hence  alfo  in  moft  cafes  of  fuperftition,  as 
of  aftrology,  dreams,  judgments,  &c.  thofe  who 
find  pleafure  in  fuch  kind  of  vanities,  always  ob- 
ferve  where  the  event  anfwers,  but  flight  and  pa{< 
by  the  more  frequent  inftances  where  it  fails.  The 
imagination  iii  fo  captivated,  that  the  powers  of 
reafon  are  incapable  of  freeing  it  from  the  enchant- 
ment. This  mifchief  diffufes  itfelf  tlill  more  fub- 
tilly  in  phitofophy  and  the  fciences,  where  that 
which  has  once  pleafed  iofeds  and  fubdues  all 
other  things,  though  much  more  fubflancial  and 
valuable  than  itfelf.  The  mind  is  always  alfo 
more  moved  and  excited  by  affirmatives  than  by 
negatives,  whereas  it  fhould  duly  and  equally 
yield  to  both.  In  raifing  of  iriie  axioms,  negative 
Ujftances  have  the  greateft  force.* 

4thly.  The  human  intcllci^  is  moft  moved  and 
captivated  by  thofc  things  that  ftrike  and  enter  it 
{Lt  once,  filling  and  fwelling  the  imagination;  but 
■for  the  reft,  it  feigns  and  fuppofes  them  in  an  im- 
perceptible manner  to  be  like  thofc  few  that  pof^ 
fefs  the  piind.  We*  have  a  general  difpofition  to  • 
-fneafurc  things  lefs  known  and  familiar  by  thofe 
that  are  better  known  and  more  familiar:  where- 
as the  underflsnding  is  flow,  and  unwilling  /«  paf$ 

/« 

%tt  i\\\f  fully  (hewn  in  Nov.  Org.  partii.  feft.  ii, 
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to  remote  and  dijftmifax  inpances,  whereby    axioms 
are  tried  as  it  were  by  the  fire. 

This  natural  proncnefs  to  judge  of  things  Icfs 
known  by  thofe  that  are  familiar  and  better  known, 
muft  not,  however,  be  altogether  laid  afide,  as  it 
IS  the  foundation  of  all  analogical  reafoning,  to 
which  wc  are  indebted  for  a  great  part  of  our 
knowledge.  It  is  dif^cult,  however,  to  judge  how 
far  wc  may  venture  upon  it.  The  obje^'ts  of  fcnfc 
cngrofs  our  thoughts  in  the  firfl:  part  of  life,  and 
are  moft  familiar  through  the  whole  of  it.  Hence 
in  all  ages  nlcn  have  been  prone  to  give  human 

faflions,  frailties,  &c.  to  fuperior  intelligences, 
lence  the  difpofition  in  men  to  materialize  every 
thing,  and  to  apply  their  notions  of  material  ob- 
jeds  to  things  of  another  nature.  Hence  the 
many  crude  and  ill-digefted  theories  on  our  ideas.* 
The  miftakes  in  common  life,  which  are  ov^ing' 
to  this  propenfity,  arc  innumerable.  Hence  the' 
felfilh  man  thinks  all  pretences  to  benevolence  and' 
public  fpirit  to  be  mere  hypocrify,  andfelf-deccit:, 
while  the  generous  and  open-hearted  eafily  be-' 
lieve  fair  pretences,  and  conlidei;'  men  as  better 
than  they  really  are. 

^thiy.  Another  idol  of  this  tribe  has  it's  ori- 
gin in  the  natural  reftlefsncfs  of  the  hliman  undcr- 
llanding,  always  moving,  but  far  too  often  to  no' 
purpofe,  as  -when  it  is  in  fcarch  of  things  beyond 
It's  reach.  There  is  not  a  greater  foufce  of  error 
than  in  the  mifappHcation  of  our  nobleft  intcl- 
ledual  power  to  purpofcs  for  which  it  is  incom- 
petent. 

The  works  of  men,  and  the  works  of  Gbd,  are' 
riot  of  the  fam^  order.  The  force  of  genius  may" 
enable  a  man  perfcdtly  to  ctiinprehend  the  former. 
•What  is  contrived  and  executed  by  one  man,  may 
&e  perfedlly  undcrftood  by  another.  He  may 
...  from 

'  ^t  Rcid's  EHiy  oa  the  I  sic  lie  &ual  Powers  ofMan,  p,  6^4, 
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froih  it  part  conjeflurc  the  whole,  or  from  cffftJlB 
may  conjecture  the  caufcs,  bccaufe  they  are  the 
effeAs  of  a  wifdom  not  fuperior  to  his  own.* 

But  the  works  of  cr'eation  are  contrived  and 
executed  by  a  power  and  wifdom  infinitely  fupe«- 
rior  to  that  of  man.  And  when  men  attempt,  bjr 
the  force  of  genius,  to  difcover  the  caufes  of  the 
phenomena  in  nature,  they  have  only  a  chance  of 
going  wrong  more  ingenioufly.  Their  conjeilures 
mSty  appear  very  probable  to  beings  no  wilcr 
than  thcmfclvcs ;  but  they  have  no  chance  to  hir 
the  truth.  They  are  like  the  conjedures  of  a  child, 
how  a  iliip  of  war  is  builc,  and  how  it  is  managed 
at  fca.  It  gratifies  the  pride  and  natural  propen- 
fityofthe  human  underftanding  ;  but  it  is  an  at- 
tempt beyond  our  force,  like  that  of  Pba€ton,to 
guide  the  chai'iot  of  the  fun. 

Full  liberty  muft  be  allowed  to  our  inquiry, 
that  natural  philofophy  may  acquire  all  the  cer- 
tainty and  pcrfcfflion  of  which  it  is  capable  ;  but 
.we  muft  not  abufe  this  liberty  hy  fuppojing,  inftead 
of  iM^uirhig,  by  framing  fyftcms,  inftead  of  de- 
ducing the  conftitution  of  things  from  obfervation 
and  experience.  An  attachment  to  fyftcms  pre- 
vents us  from  attending  to  the  real  ftate  of  things, 
or  makes  us  rejctft  them,  or  interweave  therewith 
our  own  conceits. 

■Syllems  and  hypothefes  in  general,  framed  by 
philofophers  out  of  their  own  ideas,  and  feparated 
by  the  mind  from  the  truth  of  things,  were  the 
bane  of  natural  philofophy,  and  for  centuries  op- 
pofed  the  advancement  of  fcicnce. 

In  all  inquiries  into  the  conftitution  of*  na- 
ture, human  genius  may  combine,  but  it  muft  not, 
fabricate.  It  may  coUeifl.  evidence,  but  it  muft 
hot  fupply  the  want  of  it  by  conjeiiiure.  It  nuy 
difplay 

*  ftid.Jp.  669.MaelaUtiD'i  Account  of  Sir  I&rc  NewbUk'i 
DiicQVUKS,  p.  7,    S«  alio  LeQute  ii.  p.  59. 
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difplay  it's  powen,  by  putting  nature  to  the  quef- 
tion  by  wcll-conirived  experiments;  but  ii  muft 
add  nothing  to  her  anfwers. 

6thly.  Another  imped imcnt~and  deviation  of 
die  underftanding  arifes  from  the  dullnefs,  incom- 
petency, and  fallacies  of  the  fenfes.  Hence  the 
things  that  ftrikc  the  fenfe,  unjuftly  ovcrballance 
thoTe  that  do  not  Anke  tt  immediately.  So  that 
jcontemplation  ufually  ends  with  fight,  and  little 
or  no  obfervation  is  made  of  things  invisibie. 
Hence  all  the  operations  of  the  dificrcnt  airs  in- 
cluded in  tangible  bodies,  all  fubtil  organizations, 
and  the  motion  of  the  parts,  are  unknown  to  man- 
kind J  yet  unlejs  they  are  difcovfred  and  brought  to 
light,  no  great  pnwrefs  can  be  made  in  the  know- 
ledge of  nature  ;  for  it  is  by  fubtil  matters  in  mo~ 
tion  that  her  chief  operations  are  performed.  Nor 
can  inftruments  for  improving  and  (harpening  the 
fenfes  be  here  of  any  great  fervice ;  for  all  true 
interpretations  of  nature  are  made  by  appofitc  in- 
ftances  and  experiment,  where  fenfe  judges  of  the 
experiment  only,  and  the  experiment  judges  of  na~ 
ture  and  tbefoB. 

Idols  of  the  den.  Thefe  are  prejudices  that 
uke  their  rife,  not  from  the  conftitution  of  human 
nature,  but  from  fomething  peculiar  to  ev^ry  in- 
dividual, from  education,  cuAom,  and  a  variety  of 
other  circumftances.  Our  excellent  logician.  Lord 
Bacon,  feems  to  have  taken  this  appellation  from 
Plato's  beautiful  emblem  of  the  cave  j  for  if  any 
one  ftiould,  in  his  infancy,  be  educated  in  a  dark 
cave,  remaining  there  tilt  he  was  of  foil  age,  and 
{hould  then  of  a  fudden  be  brought  into  broad  day- 
li^t,  and  behold  the  apparatus  of  heaven  and 
earth,  no  doubt  many  flrange  and  abiuKl  thoughts 
would  arife  in  his  miiuL  And  though  we  live, 
indeqJLJiBXfac  tilw  of  heaven,  our  minds  are  con- 
fineti  in  the  cavcnu  of  our  bodies,  where  we 
receive 
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receive  infinite  images  of  error  and  falfebood,  if  we 
do  noc  conftanciy  dwell  in  the  contemplation  of 
nature,  as  it  were,  in  the  open  day-light.  This 
emblem  of  Plato  agrees  well  with  the  faying  of 
Heraclitus,  That  men/eek  thejciences  in  their  ffwH' 
•  narrtrj)  world,  not  in  the  laide  one.  Further,  as  in 
a  cave  objetJts  vary  their  appearance  according  to 
the  form  of  the  cave,  and  it's  manner  of.  receiv- 
ing the  light ;  fo  I  ord  Bacon  conceives  the  mind 
of  every  man  to  refemble  a  cave,  which  has  it's, 
particular  form  and  particular  manner  of  being 
enlightened,  and  which  from  thcfe  circumftances 
often  gives  falfe  colours,  aiid  a  delulive  appearance 
■  to  objeds  feen  in  it. 

Hence  the  perverfion  and  mifappHcation  of 
reafon,and  the  abufe  of  learning,  became  the  fource 
of  many  errors.  Under  this  head  you  may  reckon 
the  reafoning  from  no  principles  at  all;  the  reafon- 
in^  from  the  principles  of  one  branch  of  learning  iu 
the  method  of  another ;  the  reafoning  yraM  the  prin- 
ciples of  one  to  the  truths  of  another ;  or  laftly,  the 
expeifing  the  fame  kind  and  degree  of  conviction  in 
the  truths  of  one,  which  belong  to  another,  and 
which  it  does  not  admit.  TKefefour  caufcs  arifing 
from  the  abufe  of  learning  will  account  for  many 
fcientific  errors.  However  various  the  errors  of  the 
learned  may  appear  to  be,  they  all  originate  either 
in  the  pride  or  prejudice  of  the  human  mind;  for 
according  to  the  obfervation  of  Lord  Bacon,  of  op- 
pofite  errors,  the  caufes  of  erring  are  commonly 
the  fame. 

Though  it  may  appear  abfurd  that  any  one 
(hould  rea/onfrom  no  principle  at  all,  yet  is  it  an 
error  of  great  and  extenfive  influence.  Great  are. 
the  powers  of  the  human  mind,  but  her  prefumplioH 
is  ftill  greater.  Not  content  to  be  employed  upon 
fu^h  principles -and  materials  as  ire  provided  for 
her  ufe  by  Providence,  and  the  natural  ftate  of 
I  thh^. 
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things,  in  a  flow  and  fober  cxercife,  vainly  prefum- 
ing,  by  an  a<!tion  and  operation  of  her  own,  to  in- 
vent others  of  a  fupcrior  order,  by  whofe  afliftance 
the  nuy  foar  with  a  rapid  wing  into  the  poflefiion 
of  the  fublitnefl  truths;  buoyed  up  into  the  air 
by  thefe  felf-inventions,.  fiie  attempts  unbounded 
flights  into  the  fertile  but  dclufive  regions  of  ima- 
gination. Hence  we  often  fee  phiTofophers  led 
by  trains  of  folid  rcafoning  to  the  temple  of  fplen- 
did  and  delufivc  errors. 

The  other  three  caufes  juft  enumerated  have 
their  origin  in  prejudice  arifmg  from  partial  and 
inveterate  baktls.  Man  is  altogether  the  creature 
of  habit  t  all  his  virtues  are  habits  j  all  his  vices 
arc  habits;  habit  has  it's  fway  alfo  over  his  mind 
both  in  tlic  elegant  and  fcientific  parts  of  learning. 
As  the  ear  is  prepared  and  qualified  ]?/  habit 
for  the  enjoyment  of  mufic,  the  eye  for  that  of 
painting,  and  every  other  part  of  the  mental  and 
corporeal  frame  adapted  to  it's  proper  objeA ;  fo  is 
the  mind  prepared  and  qualified  by  habit  for  the 
fcarch  and  rclifli  of  every  itind  of  truth. 

But  this  fame  habit,  which  is  the  friend  to  all 
knowledge,  by  being  too  long  and  too  clofely  con- 
fined to  the  fame  objeifl,  employments,  and  pur- 
fuits,  generates  a  prejudice,  and  confirms  a  parti- 
ality which  generally  cramps  and  confines,  and 
often  weakens  and  dellroys  the  powers  of  the  mind. 
Being  addidcd  to  one  fet  of  principles,  habituated 
to  one  train  of  reafoning,  and  accuflomed  to  one 
fpecits  of  conclufions,  they  are  difqualified  by  the 
very  habits  of  ftating,  rcafoning,  and  concluding, 
and  by  their  very  fuccefs  in  fome  parts  of  learn- 
irig,  from  profecuting  truth  in  others.* 

Men  are  fond  of  particular  fciences  and  flu. 

dies,  either  when  they  believe   themfclves    the 

authors 

*  TAthinS  Scilc  and  Chart  or  Truth,  vol,  ii.  p.  301. 
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authors  or  inventors  thereof,  or  bccaufc  they  hare 
beftowed  much  pains  upon  them,  or  applied  them- 
-felves  thereto.  A  man  whofe  thoughts  have  been 
confined  to  a  certain  track  by  his  profelUon,  of 
manner  of  life,  is  very  apt  to  judge  wrong  when 
he  ventures  out  of  that  track.  He  is  apt  to  draw 
every  thing  within  the  fphere  of  his  profcflion,  to 
wreft  and  corrupt  every  new  contemplation  with 
his  habitual  idea^  and  to  judge  of  things  by  max- 
ims which  have  no  relation  to  them. 

AriJJotle  furnifhcs  us  with  a  fignal  example  of 
the  foregoing  obfervations  ;  he  made  his  natural 
philofopliy  fuch  a  flave  to  his  logic,  as  to  render  it 
■contentious,  and  in  a  great  manner  ufelefs.  The 
mere  mathematician  is  apt  to  apply  meafure  and 
calculation  to  things  incapable  of  being  meafured : 
-dircft  and  inverfe  ratios  have  been  applied  to  mea- 
fure human  affedtions,  and  the  moral  worth  of 
ai^ions.  An  eminent  mathematician  attempted  to 
afcertain,  by  calculation,  the  ratio  in  which  the  evi- 
dence of  faifts  muft  decreafe  in  the  courfe  of  time, 
and  fixed  the  period  when  the  evidence  of  the  fads, 
on  which  chriftianity  is  founded,  ihall  become 
cvancfccnt  j  and  when  in  confequence  no  faith  fhall  . 
be  found  on  the  earth.  The  ancient  themifts  were 
vent  toexplain  all  the  myfterics  of  nature,  and  even 
of  religion,  by  fait,  fulphur,  and  mercury. 

The  great  and  radical  difference  of  caprchiei 
as  to  philofophy  a.id  the  fciences,  lies,  fajs  our 
nobte  author,  in  this;  that  fome  are  Itronger  and 
fitter  to  obferve  the  differences  of  things,  others  to 
obferve  their  correfpondcnces.  A  fteady  and  fliarp 
genius  can  fix  it's  contemplations,  and  dwelt  and 
faftcn  upon  all  the  fubcilty  of  ditfi^rencesl  While 
a  fublime  genius,  with  a  quick  conception,  pcr^ 
ceivcs  and  compares  the  fmallcd  and  moft  general 
agreement  of  things :  both  kinds  caUly  falUng  xma 
Vot.  U.  X  cxcefs; 
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cxcefs;  the  one  by  grafpingat  the  dividing  fcalc> 
tbc  other  by  embracing  the  ftiadows  of  things. 

To  contemplate  nature  and  bodies  in  their 
fimplicity,  breaks  and  grinds  the  undcrftanding;  to 
confidcr  them  in  their  configurations  and  compo-- 
litions,  blunts  and  relaxes  it.  The  former  is  fo  taken 
lip  with  the  particl&s  of  things,  as  aimoft  to  neglcift 
their  ftrudure  :  while  the  other  views  the  fabri- 
cation with  fo  much  aftonifliment,  as  not  to  enter 
into  the  fimplicity  of  nature.  Both  thefe  kinds  of 
contemplation  fliould  therefore  be  taken  up  by 
turns,  that  the  underflanding  miy  at  the  fame  time 
be  piercing  and  capacious,  and  the  above-mentioned 
inconveniences  with  the  idols  thence  ari&ig  may 
be  prevented. 

Different  pcrfons,  either  from  temper  or  edu- 
cation, have  different  tendencies  of  undcrftanding, 
which  by  their  cxcefs  arc  very  unfavourable  to 
found  judgment.  Some  men  of  genius  are  wrap- 
ped up  in  the  admiration  of  antiquity,  and  con- 
tempt of  whatever  is. modern;  others  goas  far  into 
(he  contrary  extreme,  and  arc  delighted  only  with 
what  is  novel.  Some  either  quarrel  with  what 
was  juflly  laid  down  by  the  ancients,  or  defbife 
what  is  juftly  advanced  by  the  moderns.  The 
unballanced  mind  of  man  isalwas  fhifting  from  one 
excefs  into  another,  and  rarely  knows  to  fuflain 
itfelf  in  that  juft  mean  which  right  reafon  and  pure  ■ 
religion  demand.  It  is  inconceivable  to  thofe  who 
are  only  acquainted  with  the  prefent  flate  of  the 
learned  world,  to  what  an  abfurd  height  this  attach- 
ment to  antiquity  was  formerly  carried.  Both  ex-t 
tremes  are  highly  prejudicial  to  philofophy  and  the 
fciences,  as  being  rather  an  aiiecftation  of  anliquity 
and  novelty,  than  any  trucjudgment.  For  truth  is  not 
to  be  derived  fiom  any  lilicity  of  times,  which  is 
an  uncertain. thing,  but  from  the  light  of  nature 
and  experience,  which  is^.ternal.  Thel'c  afledationa 
3  -are 

L,„,;,z...,  Google 


Of  Reasoning  ijj  Philosophy.  ii^ 

Sre  thercFore  to  be  lait]  afi^e,  and  care  b^  taken 
that  the  underlla:iding  be  not  hurried  away  with     • 
them. 

Let  contemplati'ue  prudence,  faysolif  incompa- 
rable author,  proceed  in  chafing  and  diflodging  the 
idols  of  the  den,  and  learn  to  fufpcifl  whatever  power- 
fully ftrikes  and  detains  the  mind,  ufihg  theh 
greater  caution  to  preTervc  your  undcrAanding  pure 
and  equable. 

A  fjpirit  of  prejudice  and  prepofTefndrl  is  very 
detrirhental  to  philofophy,  it  admits  of  no  im- 
provement but  what  it  Brings  from  it's  own  fund. 
When  a  man  has  ftfongly  imbibed  any  particular 
notions,  he  inveftigates  nature  not  to  receive  mfor- 
mation,  but  to  find  fupport  for  his  own  opinions. 

A  love  of  novelty  is  alfo  very  injurious  to  real 
truth ;  the  kno.wlcdgc  of  any  truth  apprehended  as 
ufcfui  to  mankind,  ispleafing  to  the  mind,  and  our 
cagerhefs  to  enjoy  this  pleafure  makes  us  often  en- 
tertain a  perfuafion  of  knowing  a  thing  before  we 
really  do,  or'upon  a  very  weak  ground.  It  is  there- 
fore dangerous  to  pafs  a  judgment  upon  anew  dif-* 
"covery  while  it  is  new  ;  we  ftiould  wait  until  time- 
has  abated  the  fweetnefs  of  novelty,  and  given 
'fcope  for  reflection  to  flow  in  from  different  quar- 
ters. The  proper  fpirit  for  invefl:igation,  is  hu- 
jnility,  fobriety,  calm  confiderwion,  attentive  in- 
duftry,  and  perfcverance. 

Lord  Bacon  fliews,  that  of  various  prejudices, 
there  are  none  fo  troublefome  as  the  idols  of  tbi 
3narket,  which  infinuate  thcmfelvcs  into  the  mind 
Trom  the  afibciation  of  words  aTid  terms,  the  im- 
perfeiitions  and  the  abufe  of  language.  Language 
can  reach  no  further  than  our  notions ;  and  if  thefc 
be  vague  and  ill-definetl^  the  words  by  which 
■ive  cxprefs  them  muft  be  fo  likewife.  A  ftrongcr 
infliaiice  of  the  abufe  of  words  can  fcarce  be  found- 
than  in  the  nomenclature  of  the  French  chemifts^ 
X  2  defigned 
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defigned  to  prepare  the  mind  for  flavery  by  "  bab- 
bling a  dialed  of  France."  For  though  men  be- 
lieve, fays  Lord  Bacon,  their  reaTon  governs  words; 
it  alfo  luppens,  that  words  retort  and  refled  their 
force  upon  the  undcrftanding;  whence  philofophy 
and  the  fciences  have  been  rendered  fophiftical  and 
inaAive.  Words  are  generally  impofed  according 
to  vul^  conceptions,  and  divide  things  by  lines^ 
i.  e.  diftin&ions  or  difierences.  that  are  moll  appa- 
rent to  the  undcrftanding  of  the  multitude :  and 
when  a  more-  acute  undeiuandtng,  or  a  more  care- 
ful obfervation,  would  remove  thcfe  lines,  to  place 
them  according  to  nature,  words  cry  out,  and  fon. 
bid  the  alteration.  Hence  it  happens  tlut  ferious 
diQiutes  frequently  terminate  in  controverlles  about 
wtwdi  and  terms,  which  it  were  better  to  reduce 
to  wrder  by  definitions.  But  in  natural  and  ma- 
ten»\  things,  even  thefe  definitions  cannot  remedy 
the  evil,  becaufe  definitions  themfelves  confifl  of 
Words,  and  words  generate  words  ;  fo  that  of  nc- 
ceflity  recourfe  muft  be  had  to  particular  inflanret, 
ttiArJfriet  and  orders. 

The  fourth  kind  of  prejudices  mentioned  by. 
our  author  are  the  idols  of  the  theatre,  which  are 
neither  conflitutional  nor  fccrctly  infmuated  itita 
the  underllanding,  but  palmed  upon  it,  received 
from  fabulous  theories  and  perverted  demonltra- 
tions,  ariiing  from  the  fyftems  or  feds  in  which  wt 
have  been  trained,  or  which  we  have  adopted.  A 
falfe  fyftem  once  fixed  in  the  nitnd,  becomes  as  it 
were  the  medium  through  which  we  fee  objects; 
they  receive  a  cintfture  from  it,  and  appear  of  a 
diftereni  colour  from  what -they  do  when  viewed 
by  [he  pure  light. 

In  Lord  Bacon's  method  of  ftudyingphilo'fo- 

phy  there  is  no  nccelfity  for  confuting  the  various 

theories;  yet  that  the  paflage  to  truth  may  be  made 

caficr,  and  the  undcrftanding  the  more  difpofed  to 

cleanft 
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eleanfe  itfclf.and  put  away  it's  idols,  without  which 
true  philofophy  can  never  be  efteftually  promoted, 
(for  the  fciencea  fonncd  by  diftempereif  mindi  will 
partake  of  their  diftempcrs,)  he  has  claflcd  fomc 
of  the  more  aiicient  kind,  .and  given  fome  ac- 
count of  them.  He  clafles  them  all  under  three  . 
heads:  I  ft.  The  Sophiftical :  ad.  Empirical:  and 
3d.  Superftitious. 

The  firft  are  the  fopbiJUcal,  who  haftily  take 
up  vulgar  things  from  experience,  without  afcer-. 
taining  their  certainty,  or  carefully  examining  and 
weighing  them,  committing  all  the  reft  of  the  work 
to  thought  and  thcdifcuiTion  of  the  wit:  thcfe  he 

:  compares  to  fpidcrs,  who  form  their  webs-  from 
their  own  bowels  to  catch  unwary  infcdts  in  their 
aerial  flights.  Common obfervation  and  obvious  ex- 
periments are  not  of  themfelves  (ufficient  for  the 
foundation  of  a  ferviceable  philofophy  ;  nor  is  the 
common  logic  an  engine  at  all  fuited  to  deal  with 
experiments,  obfervatlon,  and  nature.  Of  thefe 
we  have  an  eminent  example  in  AriftofU,  who 
corrupted  natural  philofophy  with  his  logic.  Hft 
feemed  to  be  more  follicicous  how  men  might  de- 
fend themfelves  by  anfwers,  and  advance  fomcthing 
that  ftiould  be  politive  in  words,  than  to  come  at 
the  inward  truth  of  nature ;  and  where  he  had  ex- 
perience for  his  guide,  to  wind  her  round,  and  lead 
her  captive  to  his  opinions.  Now  as  the  educa- 
tion of  the  great  fchodls  is  chiefly  ArtftoteHan,  we 
Ihould  have  a  ftrii^. watch  upon  ourifelves  in  all 

.  [^ilofophical  inquiriM.  writings,  and  difcourfes, 
that  we  are  not  led  away  with  Ariftotelian  no- 
tions. All  our  common  reafoning  fcems  infeftcd 
with  Ariftotelian  pr^dices,  fo  as  to  be  affeiftedly 
lexical  and  captious,  rather  than  juft  and  philofo- 
phical,  or  formed  upon  the  true  nature  of  things. 

The  empirical  philofophers  arc  thofe,  who  la- 
bour with  great  diligence  and  accuracy,  in  a  few 
I  3  cxperimenta;^ 
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^pcrimcntsj  and  then  venture  to  dedu.ce  theories' 
ana  buildup  fyftems,  ftrangely  wrefting  every  thing 
i^Ke  to  thefc  experiments.  Bj^con  compares  tham. 
to  ipfeAs  gathering  up  grain,  and  laying  it  by  as 
ihey  found  it.  The  opinions  produced  by  thcfe 
are  more  deformed  and  nionftrous  than  thofe  of  the 
fopbiflical  l^iodj  as  not  being  founded  in  the  light' 
"of  vulgar  notions  (which  are  in  fome  degree  ge- 
n^_raj  and  univ^rfalj ;  but  reft  in  the  narrow  confines 
and  obfcuriticfi  of  a  few  experiments:  whence 
iijch  a  philofophy  appears  probable,  and  in  a  maa- 
nercertain,to  the  men  who  dailyconverfe  with  itefe 
cxperimcnts,and  thereby  depravetheir  imagination; 
Ayhilft  to  others  the  theprics  appear  incredible 
and  vain.  Of  this  you  will  find  examples  in  molt 
of  the  ancient  chemical  writers,  in  Gilbert's  mag- 
netical  philofophy,  and  that  of  many  moderns,  fome 
qf  whom  refolve  all  ditiiculties  by  attra<^ion,  others 
Ijy  repulfion,  &c.  You  can  never  ufe  too  great 
caution  on  this  head,  for  the  underftanding  is  al- 
'■\yays  eager,  afid  precipitated  by  it's  d^fire  of  bound- 
ing or  flying  to  general  and  firft:  principles  j  thus 
^rmtng  theories  on  very  feeble  ground.  The  in- 
finite variety  of  natural  objects,  the  ftupendous 
coincidence  by  which  all  agree  and  all  differ,  mult 
convince  you,that  no  vigourof  judgment.or  warmth 
of  fancy,  is  equal  to  the  tracing  of  every  pheno- 
menon to  it's  firft  principles,  or  forming  an  hypo- 
tiiefis  adequate  to  explaining  all  the  operations  in 
mature. 

There  isalfo  danger  from/»^fr/?//;o» and  tbeo- 
logy  {though  much  Icfs  fo  than  heretofore) ;  for  the 
luiderftanding  is  as  fiibje(fl  to  the  impreflions  of 
fancy  aS  thofe  of  vulgar  notions :  by  the  former  it 
is  flattered  and  courted,  and  therefore  deceived.  We 
meet  with  this  in  all  theories,  where  firft  and  final 
caufes  are  introduced,  and  the  intermediate  ones 
omitted.     Wc  niould  be  careful  in  this  cnfe  that 
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we  be  not  led  thereby  to  candmze  trrof,  and  vene- 
rate vanities.  Some  modern  writers  have' fo  far  in- 
dulged this  ftrange  levity,  as  to  endeavour  the 
founding  of  natural  philofophy  upon  the  firft  chap- 
ter of  Genefis,  and  other  parts  of  facred  writ ;  thus 
Jeekittg  the  dead  amon^  the  living. 
'  The  true  philo/opbrr.  Lord  Bacon  compares 
CO  the  bee,  that  gathers  the  matters  from  the 
flowers  of  the  field,7rom  which  with  atknirable  fkill 
(he  makes  her  honey.  He  neither  trufts  wholly 
to  his  own  undcrftanding,  nor  contents  himfelf 
with  recording  the  hiftory  of  mechanical  experi- 
ments !  but  by  reafoning  ikilfully  from  them  brings 
for-th  truth  and  fcience,  the  great  and  noble  pro- 
dmSion  of  the  human  faculties. 

He  very  properly  reprehend.?  thofe,  who,  upon 
a  weak  conceit  of  fobricty,  or  ill-applied  moders' 
tion,  thought  or  maintained  that  a  man  can  fcarch 
■tpo  far,  or  be  too  well  ftudied  in  the  book  of  God's 
word,  or  in  the  hok  of  God's  works  .•  but  rather  he 
faya,  let  men  awake  thcmfelves,  and  chearfuUy  en- 
deavour to  purfuc  an  endlcfs  progrefs  and  pro- 
ficiency in  both  !  only  let  them  beware,  left  they 
apply  knowledge  to  pride  inftead  of  charity,  to 
oftentation  inftead  of  ufe.  He  alfo  obferves,  that 
in  the  entrance  of  philofophy,  when  the  fecond 
caufes,  molt  obvious  to  the  fenfes,  offer  themfelves 
to  the  mind,  we  are  apt  to  cleave  unto  and  fiwcll 
too  much  upon  them,  fo  as  to  forget  what  is  fu- 

Eerior  thereto  :  but  when  we  pafs  further,  and  be- 
old  the  dependence,  continuance,  and  confede- 
racy of  caufes,  and  the  works  of  providence ;  then, 
according  to  the  allegory  of  the  poets,  we  eafUy 
believe  that  the  higheft  link  of  nature's  chain  muft 
needs  be  tied  to  the  foot  of  Jupiter's  chair,  or 
perceive  that  philofophy,  like  Jacob's  vifion,  dif- 
covcrs  to  us  a  ladder,  whofe  top  rea:hcs  up  to  the 
footftool  of  the  throne  of  God. 

I  4  Falfe 
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Falfe  fchemes  of  lucural  philofophjr  may  lead 
to  atheifm,  or  Cuggttt  opinioiu  concerning  the 
Deity,  and  the  univerfe.of  the  mod  dangerous  con- 
fequences  to  nfankind  :  and  you  have  the  more 
tcifon  to  be  on  your  guard  on  this  head,  as  the 
.philofophcrs  of  France  have,  for  many  years,  been 
pervertivffi  ic  to  the  moft  dire  and  malignant  pur- 
pofes.  True  philofophy  will  lead  you  to  believe 
in,  and  adcnv,  the  Supreme  Being :  and  as  it  con- 
tinually exhibits  brighter  and  brigntf  r  inflances  of 
.  his  wifdom  and  power,  it  removes  alfo,  in  part, 
that  veil  fpread  over  nature,  which  conceals  from 
our  view  it's  awful  depths  and  miijeftic  heights; 
and  thus  enables  you  to  fee  the  glories  of  the  Al- 
mighty fhining  in  this  his  exalted  creation,  and 
hence  inftru^s  you  to  raife  your  voice  in  praifes 
to  Him,  who  is  alone  worthy  to  receive  glory  and 
htmour  and  power ;  for  it  is  by  Him  that  all  things 
were  created,  and  it  is  by  Ht'm  that  they  are  con- 
tinually preferved. 

"  That  pNE  grent  and  unwer/al  mikd,  who 
made  all  things  by  his  power,  and  prcferves  them 
in  his  goodnefs,  is  the  firft  and  only  caufe,  ope- 
rating at  all  times  and  in  all  places,  and  producing, 
by  an  exertion  of  his  will,  all  the  various  pheno- 
mena of  the  material  fyftem.  This  iiHl  and  uni- 
verfal  caufe,  however,  in  the  ordinary  adminiftra- 
tton  of  his  providence,  hath  condefcended  to  em* 
■pXoy  fecond  caufes  as  the  inftruments  of  his  will,  by 
which  he  ad^s ;  which  fecond  caufes  he  hath  alfo 
appointed  in  his  wifdom  to  ooerate  through  every 
part  of  his  creation  by  generailaws.  To  trace  the 
hand  of  (he  A}.michty  through  all  his  works,  to 
inveftigate  thefe  general  taufes,  and  to  ered  them 
into  the  lav^s  of  pb'yfint  is  the  fublim'e,  the  dc- 
leotable,  and  honourable  employment  oi  the  na-^ 
fural  philofopher."  *        • 

*'  See  Tatham'i  adotirable  work,  entitled,  ScaU  and  Chfrt  of 
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To  crplam«  therefoir,  with  ceruinty  the  phe- 
nomena of  nature,  to  remove  their  obfcurities, 
and  obferve  their  influence  and  conneiftion,  is  the 
great  buflnefi  of  philt^ophy ;  for  this  purpofe  the 
obferver  muft  obtain  ceruin  fixed  points,  vhich 
may  ferve  as  fignals  to  conduift  him  m  the  difficult 
patJi  he  has  undertaken,  and  prevent  his  wander- 
ing too  far  from  the  main  road. 

PbyfuiU  logic  does  not  con61l  in  ^rgumeiit« 
but  in  difcovering  fads,  not  what  agrees  with 
principles,  but  the  principles  themfelves.  There 
is  a  meaning  and  deltgn  in  every  operation  of  na- 
ture. The  natural  philofopher  endeavours,  to  di& 
cover  this  meaning,  and  interpret  thefe  defigns  by 
a  careful  obfervation  of  her  fteps  i  but  if  the  mind 
haflily  imbibes,  and  without  difcrimination  trea- 
fures  up  the  firft  noticesi  of  things,  error  will  erct 
prevail  and  remain  uncorreAcd  ;  for  if  thefe  pri- 
mary notices  are  vitiated,  confufed,  or  inaccurate, 
thofe  derived  from  them  will  be  equally  defe^ve, 
and  the  knowledge  built  thereon  like  a  magtiificent 
Aru>.'^ure  on  a  bad  foundation. 

The  philofopher,  therefore,  avoids  the  de- 
monftration  oi  fyllogi/mt  becaufe  it  continually  lets 
nature  and  reality  flip  through  it's  fingers,  and 
wrcfls  the  works  thereof  to  make  them  fquarc 
with  the  works  of  men ;  whereas  the  works  of  men 
ought  to  be  fubmitted  and  formed  according  to  the 
works  of  nature ;  fo  that  logical  demonftruions  ap- 
plied to  phyfical  matters  are  only  the  play  of 
.  words.  He  therefore  takes  induSioH  for  the  form 
of  demonftracion,  as  it  guards  the  fenfes,  prefles 
nature  clofe,  and  rules  over  her  works. 

Inftead  of  flying  immediately  from  the  fenfes, 
»pd  particulars  lo  generals,  (about  which  difputes 
always  turned)  and  deriving  intermediate  princi- 
ples from  thefe  in'  a  ftiort  but  precipitate  manner, 
a  manner  ht  for  coiur^verfy,  but  untit  to  clofe 

with 
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with  riltuhCj  he  endeavTuirs  to  raife  propofitions 
fey  degrecB,  aod  thus  arrive  at  general  axioms, 
axioms  not  notional,  but  well  defined,  and  fuch 
aa  are  conformable  to  the  nature  of  things. 

Axioms  raifcd,  fays  Lord  Bacon,  byargumen- 
tation  can  never  be  ufcful  in  difcoverJng  new- 
works  ;  for  there  is  no  mode  of  raifing  axioms, 
"but  by  a  legitimate  and  proper  form  of  indudlion, 
rtpable  of  feparann?  experience,  and  concluding 
of  ncceffity  after  all  the  proper  rcjedions  and  ex- 
clQlions  arc  made. 

Beginning  then  with  phenomena,  the  philo- 
fophcr  endeavours  to  trace  out  the  proximate 
caufes,  and' riling  gradually  from  particular  caufes, 
he  proceeds  to  the  more  general,  and  fo  on  by 
ftire  and  uninterrupted  fteps,  man  comes  u'ithout 
flop  or  gap  to  the  top  round,  or  unity  of  nature; 
from  whence  he  may  defcend_  in  a  contrary  order, 
and  from  eftablilhed  principles  explain  the  phe- 
nomena derived  from  them.  In  no  other  mode  can 
*fc  -be  fure  that  we  aflume  the  principles  which 
really  obtain  in  nature,  or  that  any  fyftem  we  may 
■cbBipofe,  is  not  mere  dream  and  iUulion. 

Thus  you  fee  that  the  proccfs  of  indu6lion  is 
an  alcent  from  particular  premifes  to  general  con- 
eiufion.  The  evidence  of  fuch  general  conclufion 
is  only  frabable,  not  demcnfir alive ;  yet  if  the  in- 
dutSion  be  fufficiently  copious  and  properly  con- 
dutfted,  it  forces  conviction  as  ftrongly  as  demon*' 
ftration. 

Mere  reafonirtg  will  carrjta  man  but  a  very 
little  way  in  moft  fubjedts  ;  but  by  obfervationand 
experiments  properly  conduced,  the  ftock  of  hu- 
man knowltdge  may  be  continually  enlarged. 

Before  the  philofopher  forms  his  judgment, 
he  muft,  by  accurate  experiments,  and  diligent 
obfcrvations,  fearch  out  how  far  the  phenomenon 
he  is  inveftigating  is  influenced  by  others,   and 

this 
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this  in  all  poflible  cafes  amf  circumftanccs,  by- 
what  modifications  it  is  atTirifted,  and  in  what  pva-t 
portion  it  is  combined  and  connedcd  with  other 
<ffc(fls:  he  will  thus,  endeavour  to  obtain  an  exatt 
notion  of  the  objeA  of  his  refearchcs,  and  march- 
ing fblidly  towards  truth,  he  will  interrogate  na- 
ture with  fuccefs ;  being  careful  to  ftop  where 
fio  experimental  proof  can  be  procured,  and  not 
prefuming  where  the  fubtilty  of  nature  carti;* 
thingi  out  oi  his  reach  ;  for  he  might  as  well  pre- 
tend to  build  without  materials,  as  to  form  with- 
out obfervation  and  experiment  a  rational  fyftcm 
lOf  natural  fcicnce. 

General  principles  cannot  be  eftablidied  with 
folidity,  without  numerous  experiments,  and  many 
obfcrvations  on  the  fame  individual  fubjedt,  and, 
then  on  different  fubjcdts  of  the  fame  fpecics: 
cheir  probability  is  greater.as  the  obfcrvations  on 
which  they  arc  fouhded  are  niore  numerous,  and' 
accurately  performed :  all  pxceptions  being  then 
made,  a  found  and  fcrviceable  portion  of  truth  will' 
be  left  behind  as  a  general  axiom.  "  By  a  repe- 
tition of  the  fume  indulirious  proccfs  and  labo- 
rious inveftigation,  he  advances  from  general-  to 
more  general,  till  at  lafl  he  is  able  to  form  a  few 
of  the  moft  general,  with  their  attributes  and  ope- 
rations, into  axioms,  orfecondary  principles,  which 
arc  the  well-founded  taws  enadtcd  and  enforced 
by  the  God  of  nature." 

Having  difcovered  any  of  thefe  laws  or 
caufes,  it  becomes  the  bullnefs  of  philofophy  to 
trace  them  in  all  their  effects,  and  to  predict  fimi- 
lar  appearances  from  fimilar  previous  fituations. 
The  philofopher,  by  knowing  what  will  be  the 
refult  of  putting  things  into  a  variety  of  circum- 
ftances,  becomes  mafter  of  the  powers  of  nature, 
and  can  apply  them  to  ufeful  purpofc^of  life;  and 

thus 
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thus  docs   knowledge,  u  Lord    Bacon  obferves, 
become  piywer. 

The  ancient  logic,  far  from  correiaing  what 
was  wrong,  ferved  rather  to  fix  error  in  the  mind 
[han  open  the  way  to  truth.  Lord  Bacon  had  to 
begin  anew,  and  lay  down  fuch  rules  for  the  work- 
ings of  the  mind,  as  would  never  leave  it  to  itlelf; 
as  if  the  bufinels  was  to  be  performed  by  a  ma- 
chine fan  orgamimJ>  which  woulfl  fettle  the  de- 
grees of  certainty,  and  contrive  fuch  ways  of  fub- 
mitting  things  to  the  fenfcs,  as  that  a  true  judg- 
ment might  be  formed  concerning  them.  Being 
convinced  by  careful  obfervation,  that  the  human 
underftandiitf  perplexes  itfelf,  and  docs  not  make 
a  fober  and  advantageous  ufe  of  the  real  helps 
within  it's  reach  ;  and  that  this  occafioned  mani- 
fold ignorance  and  many  inconveniences ;  he 
employed  his  utmoft  endeavours  to  rcftorc  and 
cultivate  a  juft  and  legitimate  familiarity  between 
the  mind  and  things,  by  raifmg  a  new  arl,  in 
which  rea/on  and  experience  fhould  be  joined  to- 
gether for  the  improvement  of  philofopny.  This 
-cftablifhment  of  a  new  logic  is  called,  by  our  au- 
thor, the  art  of  interpreting  nature. 

The  end  of  the  new  logic  is,  as  we  before 
observed,  to  find  not  arguments  but  arts  ;  not  what 
agrees  with  principle,  but  principles  themfelves ; 
BOt  probable  rcafons,  but  plans  and  drjigni  of 
worksj  a  different  intention  produces  a  different 
effect.  In  one  the  adverfary  is  conquered  by  4if~ 
putty  in  the  other  nature  by  .works.  And  fuitable 
to  this  difference  of  the  defign;  is  the  nature  and.. 
order  of  the  demonftrations,  which  here  is  jw  rely 
induftive,  Thofc  therefore  who  determine  not  to 
conjeflure,  but  to  find  out  and  know,  not  to  m- 
ttnt  fables  and  romames  if  worlds,  but  to  look  into 
and  difled  the  nature  of  this  real  tror/d,  niuft  only 
confult  things  ihcmfelves.  Nor  can  any  force  of 
geniusa 
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genius^  flretch  of  thought,  or  fubtilty  of  argument 
be  fubftituted  for  labour,  fcarch,  and  infpediion. 

The  knowledge  and  power  of  man  arc  coin- 
cident;  for  while  he  is  Ignorant  of  caufes,  he  can 
produce  no  efieifts.  Nature  is  only  to  be  conquered 
oy  fubmillion.  by  condefcending  to  inquire  into 
and  obferving  her  methods  of  working,  as  a  fervant 
would  learn  thofe  of  his  mafter.  No  power  of  man 
can  break  the  natural  chain  of  caufes ;  fo  tliat  the 
only  method  whereby  man  can  rule  nature,  muft 
depend  upon  learning  her  ways.  And  good  hopes 
can  only  then  be  conceived  of  the  fcience,  when  by 
continued  fteps.  like,  real  Jiairs  uninterrupted  or 
unbroken,  men  Ihall  afcend  from  particulars  to  lejfer  " 
axioms,  and  fo  on  to  middle  ones,  and ,  from  thefe 
again  to  higher,  and  lallly,  to  the  higheH:  of  all; 
and  thus  difcovcr  thc^rfflJ  or  a^ive  /atvs  of  nature^ 
iy  which  all  tbingt  exiji  and  have  ibeir  effeSs.  To 
the  difcovery  of  thefc  laws  we  are  continually  di- 
rei^ed  by  Lord  Bacon,  as  to  a  thing  that  alone  will 
contlituteajuiland  univerfal  theory,  and  direi^to 
an  extenfive  practice.  His  Injlauralion,  or  fcheme 
for  rebuilding  arts  and  fciences,  depends  qpon  the 
di/iovtry  0/ farms.  But  thefe  forms  or  laws  can  be 
truly  inveftigated  by  no  other  means  than  that  of 
induifion. 

It  is  therefore  of  the  utmofl  importance  In 
philofophy  to  afcertain>  as  accurately  as  poiTibic, 
the  general  powers  in  nature,  (o  determine  their 
caufcs,  and  trace  their  confequenccs,;  for  as  thp 
phenomena  of  nature  are  infinite,  and  the  faculties 
of  the  human  mind  arc  limited,  thefe  phenomena, 
when  coniidered  as  unconnedtcd  with  «thcr  fadls, 
convey  but  little  inftrut^^ion.  The  infinite  not  be* 
'  ing  the  objeit  of  fcience,  till  the  forms  or  laws  of 
nature  be  known,  by  careful obfcrvation  and  acc^? 
rate  indytljon^  no  jprt^refs  tan  be  niade  in  natural 
philofophy- 
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Hence  the  ncceHity  of  collating  and  conncclj' 
ing  correfponding  fafts,  and  the  advantage  of  re-  . 
ducitig  them  to  certain  axioms,  and  applying  thefc 
to  account  for  other  phenomena  j  that  we  may  ac 
laft  advance  (o  a  knowledge  of  the  rhoft  general 
laws  that  regulate  the  fyltem  of  operations  in  na- 
ture. But  though  we  may  be  ■wairamcd  to  confi,- 
der  all  the  phenomena  that  we  find  connedcd  with 
thefe  general  laws,  and  nianifeftly  depending  upon 
them,  as  fo  many  fafts  explained,  fo  many  truths 
known  and  underftood ;  yet  we  ought  not  to  over- 
look fuch  phenomena,  as  are  not  reducible  to  thofe 
general  principles;  but  Ihbuld  view  them  as  fimple 
and  fcparate  fads,  and  treafure  them  up  till  a  more 
enlarged  experience,  and  more  accurate  obferva- 
tion  lead  us  ro  the  difcovery  of  thofe  powers  of  ni-- 
turc  to  which  they  are  to  be  referred. 

This  method  of  rcajouing  founded  on  experi- 
ments and  obfcrvation,  by  which  the  general  ideas 
and  forms  of  natural  philofophy  are  invented,  is 
purely  and  exclutively  tnduSHve.  The  fchools  are 
not  the  theatre  in  which  this  philofophical  logig  is 
difplayed.  It  does  not  delight  in  external  appear- 
ances and  oftentatious  forni.llity.  It  retires  from 
the  clamour  of  verbal  difputation  into  the  retreat 
of  the  elaborarory  and  obfervatory,  where  in  filent 
inveftigation  it  lays  the  foundation  of  fubftantiat 
learning ;  and  as  it  mixes  m  ith  experiment  and  ob- 
fervation,  it  is  incapable  of  .being  adequately  dc-- 
fcribcd  by  words,  but  is  hH^  fecn  and  undcrftooct 
ty  attending  it  in  the  ai!t,  and  purfuing  it  ^through 
every  ftage  of  the  analytical  progredion,* 

After  men  had  laboured  in  the  fearch  of  truth 
near  2000  years  by  the  help  of  fyllogilins.  Lord 
Bacon  propofed  the  method  of  inditnion  as  a  more 
cfledtual  engine  for  that  purpofe.    His  Novum  Or~ 

gaimiis 

•  Taih»m's  Chart  and  Scale  of  Truth,  p.  157, 
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ganrnm  gave  a  new,  ufeful,  dnd  remarkable  turn  td 
the  thoughts  and  labours  of  the  iitouifitive,  and  may 
be  confidcred  as  forming  a  grand  ara  in  the  pro-; 
grefi  of  human  realbn.* 

Neither  experience  nor  experiment  mufl",  hoW- 
ever,  be  confidcred  as  fuch  infallible  guides^  as  td 
juftify  our  refufing  informarion  from  any  bther 
quarter:  for  they  never  make  us  thorough  mafterA 
of  the  fubjed.  We  may  know  enough  for  our  pre- 
fcnt  ufes,  but  can  never  know  that  there  i*  not 
more  to  be  learnt,  befidcs  what  we  have  difcovered. 
We  can  only  obferve  what  eftecfts  they  work  upon 
our  fenfcs,  or  upon  one  another,  and  from  thenc* 
induce  imperfcttly  the  powers  belonging  to  them, 
and  caufeK  operating  upon  them,  but  can  make  no 
juftdedudtion  that  there  are  not  other  powers  and 
cau'fes  whofc  cfFefts  we  have  never  yet  experienced. 

The  grcateft  part  of  human  knowledge  refts 
upon  probable  evidence.  Indeed  wc  can  ha.ve  no 
other  for  general  truths,  which  are  contingwit  in 
their  nature,  and  depend  upon  the  will  and  ordina- 
tion of  the  maker  of  the  world.  He  governs  the 
world  he  has  made  by  general  laws.  The  el&dta 
of  thefe  laws  in  particular  phenomena,  are  open  to 
our  obfervation,  and  by  obferving  a  train  of  uni- 
form effedts  with  due  caution,  we  may  at  laft  de- 
cypher  the  law  of  nature  by  which  they  are  regulated. 

Such  is  the  genuine  logic  of  phylical  learn- 
ing, which  has  before  it  fuch  a  vaft  extent  and 
variety  of  ground,  as  is  fufficient  to  employ  the 
joint  and  confederated  labours  of  philofophy  of  * 
different  ages  a,nd  countries,  adlfted  by  the  largeft 
coUedtion  and  beft  arrangement  of  natural  hiftory, 
which  is  the  proper  foundation  of  natural  philofo- 
phy.  From  this  ground  experience  takes  it's  0ow 
but  Iteady  courfc ;  it  firft,  fays  Lord  Bacon,  lights 
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the  candle,  and  then  by  that  candle  fliews  the  waf, 
beginning  with  regular  and  well  conduifled  expe- 
riments, not  fuch  u  are  vague  and  prepofterous, 
from  whence  it  derives  axioms;  and  then  from 
axioma  well  eftablilhed  defcends  to  new  experi- 
ments. 

"  But  however  numerous  and  extenfivc  the 
experiments  and  obfervations  may  be,  they  muft  of  - 
neceflity  come  (hort  of  the  number  and  extent  of 
nature,  which  in  tome  cafes  will  defeat  all  podi- 
bility  of  their  coextenfion,  and  in  others,  by  it's 
dilfamce,  lies  out  of  the  reach  of  their  immediate 
application.  In  order,  therefore,  to  make  his  law 
CT  general  ufe,  and  ftretch  it  over  the  whole  extent 
of  nature,  the  philofopher  is  obliged  to  have  re- 
courfe  to  analog)/,  by  which  he  can  lengthen  out 
his  indu&ionsi  which  are  properly  confined  to  the 
number  of  experiments  and  obfervations  aAually 
made,  to  all  others  of  the  fame  kind  ;  concluding 
the  axiom  to  hold  good  of  all,  and  that  not  only 
for  the  prefent,  but  alfo  for  the  future,  till  it  be 
either  confirmed  and  re&ified,  or  elfc  contradit^ed 
by  better  experiments,  and  a  more  extenfive  and 
complete  tnaudjon."  For  ifin'reafoningabout  na- 
tural things,  we  were  confined  wholly  to  experi- 
ence, our  knowledge  mull  fall  fliort  of  being  ge- 
neral, for  it  would  be  confined  to  thofe  alone  on 
which  we  made  our  experiments. 

"  This  is  that  juft  and  philofophic  method  of 
reafoning,  which  found  logic  prefcribcs  in  this,  as 
well  as  inother  parts  ot'learningi  by  which, through 
the  flow  but  certain  road  of  experiment  and  obfer- 
vation,  the  mind  afccnds  from  appearances  to  qua- 
lities, from  efVefts  to  caufes  j  and,  by  a  fair  indue- 
tion  from  many  particular  fubjedls  extended  by 
fnalogy,  forms  general  propojilions  concerning  the 
powers  and  properties  of  phylical  bodies.  What 
can  fdiyly  be  deduced  from  fa^ts  duly  obferv-ed,  or 
4  fufficientljr 
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fufficiently  atiefted,  is  genuine  and  pure;  it  is  the 
voice  of  Gqo,  and  no  fiction  of  human  imaglna' 
tion. 

The  view  of  nature,  which  is  the  immediate 
objed  of  fenfe,  is  Veiy  imperfeft,  and  of  a  fmall 
extent ;  but  by  the  affiftance  of  art,  and  the  help 
of  our  reafon,  is  enlarged  till  it  lofesitfelf  inan  in- 
finity on  either  hand.  The  immenfity  of  things  on 
the  one  fide,  and  their  minutenefs  on  the  other. 
-  carry  them  equally  out  of  our  reach,  and  conceal 
from  us  the  far  greater  and  more  noble  part  of  phy- 
fical  operations.  As  magnitude  of  every  fort,  ab- 
flradtly  confidered,  is  capable  of  being  incrcafed 
to  infinity,  and  is  alfo  divifible  without  end ;  fo  we 
find  that,  in  nature,  the  limits  of  the  greatefi:  and' 
leaft  dimenfions  of  things  are  adually  placed  at  an 
immenfe  diftance  from  each  other.  We  can  per- 
ceive no  bounds  of  the  vaft  expanfe  in  which  na- 
tural caufes  operate,  and  can  fix  no  border  or  ter- 
mination of  the  univerfe;  and  we  are  equally  at  a 
lofs  when  wc  endeavour  to  trace  things  to  their 
elements,  and  tp  difcover  the  limits  which  con- 
clude the  fubdivifions  of  matter.  The  obje<ils 
which  we  commonly  call  great,  vanifti  when  we 
contemplate  the  vaft  body  of  the  earth :  the  ter- 
raqueous globe  itfelf  is  foon  loft  in  the  fblar  lyftem : 
in  fome  parts  it  is  feen  as  a  diftant  ftar :  in  great 
part  it  is  unknown,  or  vifible  only  at  rare  times  to 
vigilant  obfervers,  aflifted,  perhaps,  with  an  art 
like  to  that  by  which  Galileo  was  enabled  to  dif- 
cover fo  many  new  parts  of  the  fyftem.  The  fun 
itfelf  dwindles  into  a  ftar;  Saturn's  vaft  orbit,  and 
the  orbits  of  all  comets,  croud  into  a  point,  when  ' 
viewed  from  numberlefs  places  between  the  earth 
and  the  neareft  fixed  ftars.  Other  funs  kindle  light 
to  illuminate  other  fyftems,  where  our  fun's  rays  are 
unperceived;  but  they  alfo  are  fwallowed  up  in  the 
Vot,  H.  K.     •  vaft 

L,„,;,....,  Google 


130     Lectures  om  Natdral  PniLosofHr. 

vaR  expanfe.  Even  all  the  fyflema  of  the  Rzn  that 
fparkle  in  the  cleared  fky,  mult  pofTefs  a  fmalt 
corner  only  of  that  fpace  over  which  fuch  fyftcms 
are  difoerfcd,  fince  more  ftars  are  difcovcrcd  in  one 
conftellation  by  the  telcfcopc,  than  the  naked  eye 
perceives  in  the  whole  heavens.  After  we  have 
kifen  fo  high,  and  left  all  definite  meafures  fo  far 
behind  us,  we  find  ourfelves  no  nearer  to  a  term  of 
limit;  for  all  this  is  nothing  to  what  may  be  dif- 
played  in  the  infinite  expanfe,  beyond  the  rcmoteft 
ftars  that  ever  have  been  difcovercd.  If  we  defcend 
in  the  fcale  of  nature  towards  thetJther  limit,  wt 
tind  a  like  gradation  from  minute  objecfls  to  others 
incomparably  more  fubtil,  and  are  led  as  far  be- 
low fenfiblc  meafures  as  we  were  before  carticd 
iabove  them,  by  fimihir  fteps  that  foon  become  hid 
to  us  in  equal  obfcurity.  We  have  ground  to  be- 
lieve, that  thefe  fubdivifions  of  matty  have  a  ter- 
mination, and  that  the  elementary  particles  of  bo- 
dies ^re  folid  and  uncompounded,  fo  as  to  undei^ 
no  alteration  in  the  various  operationsof  nature  or 
of  art.  But  fit>m  microfcopical  obfervations  that 
difcover  animah,  thoufands  of  which  could  fcarce 
Form  a  particle  perceptible  to  the  unaflifted  fcnfe, 
each  of  which  has  it's  proper  vcfFcls,  and  fluida 
circulating  in  thofe  vclTels ;  from  the  propagation, 
nourifhment,  and  growth  of  thofe  animals ;  from 
the  fbbtilty  of  the  effluvia  of  bodies  retaining  their 
particular  properties  after  fo  prodigious  a  rarifac- 
tion  ;  from  many  aflonifhing  experiments  of  che- 
mifb;  and  efpecially  from  the  inccmceivable  mi- 
nutenefs  of  the  particles  of  light,  that  find  a  pafTage 
equally  m  all  direifbions  through  the  pores  of  tnioQ- 
parent  bodies,  and  from  the  contrary  properties  of 
the  dificrent  fides  of  the  fame  ray;  it  appears,  i;hat 
the  fubdivifions  of  the  particles  of  bodies  defcend 
hy  a  number  of  fteps  01  decrees  that  lutpafTcs  all 
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imagination,  and  that  nature  is  inexhauf^iblc  by  us 
on  every  fide.  Nor  is  it  in  the  magnitude  of  bodies 
only  that  this  endlefs  gradation  is  to  be  obferved. 
"Of  motions,  Ibme  are  performed  in  moments  of 
time,  others  arc  fihifhed  in  very  long  periods;  fome 
are  too  flow,  and  others  too  fwift,  to  bepercepti- 
■ble  by  us.  The  tracing  the  chain  of  caufes  is  the 
moft  noble  purfuit  of  philofophy;  but  we  meet 
with  no  caufe  but  what  is  itfelf  to  be  confidered 
as  an  eflFeft,  and  are  able  to  number  but  few  links 
of  the  chain.  In  every  kind  of  magnitude,  there 
is  a  degree  or  fort  to  which  our  fenfe  is  propor- 
■tioned,  the  perception  and  knowledge  of  which  is 
■of  the  greateft  ufc  to  mankind.  The  fame  is  the 
ground  work  of  philofophy;  for  though  all  forts 
and  degrees  are  equally  the  objedt  of  philofophical 
fpecuiation,  yet  it  is  from'  thofe  which  are  pro- 
portioned to  fenfe  that  a  philofopher  mult  fetout 
in  his  inquiries,  afcending  or  defcending  after-* 
wards  as  his  purfuits  may  require.  He  docs  well 
indeed  to  take  his  views  from  many  points  of  fight, 
and  fupply  the  defei5ts  of  fenfe  by  a  well-regulated 
imagination ;  nor  is  he  to  be  -confined  by  any  limit 
in  fpace  or  time :  but  as  hisiknowledge  of  nature  is 
founded  on  the  obfcrvation  of  fenfible  things,  he 
muft  begin  with  thefe,  and  mufl:  often  return  to 
them  to  examine  his  progrefs  by  them.  Here  is  his 
fccure  hold ;  and  as  he  fcts  out  from  thence,  fo  if 
he  likewife  trace  not  often  his  fteps  backwards 
with  caution,  he  will  be  in  hazard  of  lofing  his 
"way  in  the  labyrinths  of  nature. 

From  this  ftiort  view  of  nature,  and  of 'the 
iituation  of  man,  confidered  as  a  fpetftator  of  it's 
phenomena,  and  as  an  inquirer  into  it's  conftitu- 
tion,  we  may  form  fome  judgment  of  the  projcA 
of  thofe,  who,  in  compofmg  their  fyftems,  begin  at 
the  fummit  of  the  fcalc,  and  then  by  clear  ideas 
K  2  pretend 

L  ,„.™.„Coo'ilc 


132       LlCTORBS    OH   NATURAL    pMItOSOPHY. 

pretend  to  defcend  through  all  it's  fteps  with  great 
pomp  and  facility,  fo  as  in  one  view  to  explain  all 
things.  The  procefFes  ih  experimental  philofoph/ 
are  carried  on  in  a  ditferent  manner;  the  begin- 
nings are  lefs  lofty,  but  the  fcheme  improves  as 
we  arife  from  particular  obfervations  to  more  ge- 
neral and  more  juft  views.  It  muft  be  owned,  in- 
deed, that  philofophy  would  be  perfedt,  if  our  view 
of  nature,  from  the  common  objeiSs  of  fenfe  to  the 
limits  of  the  univerfe  upwards^  and  to  the  elements 
of  things  downwards,  was  complete  ;  and  the  pow- 
ers or  caufes  that  operate  in  the  whole  were  known. 
But  if  wc  compare  the  extent  of  this  fcheme  with 
the  powers  of  mankind,  we  Ihall  be  obliged  to  al- 
low the  neceflity  of  taking  it  in  parts,  and  of  pro- 
ceeding with  all  the  caution  and  care  we  are  capa- 
ble of,  in  inquiring  into  each  part.  When  we 
perceive  fuch  wonders,  as  naturaiifts  have  difco- 
vered,  in  the  minuteft  objeds,  ihall  we  pretend  t& 
defcribc  fo  eafily  the  produdlions  of  infinite  power 
in  fpace,  that  is  at  the  fame  time  infinitely  extended 
and  infinitely  divifible  !  Surely  we  nuy  rather  ima- 
gine, that  in  the  whole  there  will  be  matter  for  the 
inquiries  and  perpetual  admiration  of  much  more 
perfed  beings.* 

It  is  noc,  therefore,  the  bufinefs  of  philofo- 
phy, in  our  prefent  fituation  in  the  univerfe,  to 
attempt  to  take  in  at  once,  in  one  view,  the  whole 
fi;heme  of  nature  j  but  to  extend,  with  great  care 
and  circumfpedion,  our  knowledge  by  jufl  Heps 
from  fenfible  things,  as  far  as  our  obfervations  or 
reafonings  from  them  will  carry  us,  in  our  inqui- 
ries concerning  either  the  greater  motions  and  ope- 
rations of  nature,  or  her  more  fubtil  and  hidden 
works. 

Among 
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Among  thofe  who  have  purfued  the  path 
pointed  out  in  the  Novum  Organum,  Sir  Isaac 
NkwTON  holds  the  tiril  rank.  It  was  on  this  plan 
he  eftabliflied  his  account  of  the  fyftem  of  the 
world  upon  the  beft  aftronomical  obfervations  on 
■  the  one  hand;  while  on  the  other,  he  performed 
himfclf,  with  the  greateft  addrefs,  the  experiments, 
by  which  he  was  enabled  to  pry  into  the  fecreta 
of  nature. 

He  has  given  us  two  incomparable  ireatifes, 
his  Mathematical  Principles  of  Philofophy,  and 
his  treatife  of  Optics.  In  the  firft,  he  defcribes 
the  fyftem  of  the  world,  and  ftiews  the  powers 
which  govern  the  celeftial  motions.  Thefe  arc 
extended  from  the  center  of  the  fun  to  the  utmoft 
altitude  of  the  highell  c;omet.  In  the  fecond  he 
treats  of  light,  one  of  the  moft  potent  agents  in  . 
nature. 

The  firft  rule  of  philofophifing  laid  down  by 
this  great  man  is  this :  No  more  cau/es,  nor  any 
ether  cau/es  ef  natural  effefis,  ought  to  be  admitted, 
but/ucbas  are  both  true,  and  fufficient  for  explain- 
ing their  appearances.  This  is  a  golden  rule.  If 
a  philofopher,  therefore,  pretends  to  fhew  you  the 
calife  of  any  natural  effedt,  whether  relating  to 
matter  or  mind,  confider  firft,  whether  there  be 
fufficicnt  evidence  that  the  caufe  afligned  does 
xeally  exift.  If  there  be  not,  rejeiS  it  with  dif- 
dain,  as  a  fidlion,  which  ought  to  have  no  place 
in  genuine  philofophy.  If  the  caufe  afligned  really 
exifts,  confider  in  the  next  place,  whether  the 
effed;  it  is  brought  to  explain  neceflarily  follows 
from  it :  unlefs  it  has  thefe  two  conditions,  it  is 
good  for  nothing. 

The  fecond  rule  of  the  great  Newton  is  this : 

J  bat  natural  effe£h  oflhejamejort  are  to  be  accounted 
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for  by  the  fame  cau/es.  This  rule  is  founded  on  a  juft 
3pprcciation  of  anal<^,  on  the  uniformity  of  the 
proceedings  in  nature.  Thus  it  considers  the  de- 
fcentof  a  heavy  body  towards  the  earth  in  Europe  ai 
an  etfed:  of  the  fame  fort  with  the  defcenc  of  a  heavjr 
body  towards  the  earth  in  America.  To  fuch 
cfFetils,  therefore,  fimilar  caufes  ought  to  bealfign- 
ed.  The  motion  of  the  moon  round  the  earth,  of 
the  fateliitcs  round  Jupiter  or  Saturn,  and  of  the 
primary  planets  round  the  fun,  arc  cffeifls  of  the 
feme  Jtind.  Therefore  whatever  you  find  to  be 
the  caufe  of  one  of  thefe  motions,  you  may  conclude 
to  be  the  true  caufc  of  the  others. 

It  is  eafy  for  you  to  obferve,  that  this  rule  is 
deduced  from  the  latter  part  of  the  foregoing  one,  ■ 
Effeftg  of  the  fame  kind  may  be  account^  for 
by  the  fame  caufes.  It  is  right,  therefore,  to 
,  aflign  the  fame  caufes  to  fimilar  effefts ;  bccaufe 
we  ihould  otherwife  multiply  taufes  without  rea- 
fon,  and  fhould  introduce  more  than  are  fufficient 
for  the  appearances  of  nature. 

Newton's  third  rule  is  built  upon  induction 
and  analogy,  and  confiders  Ibefe  qualities  that  are 
found  invariably  to  Mong  to  alt  bodies,  upon  wbicb 
we  can  make  experiments,  as  qualities  belonging  to 
all  bodies  ivbal/oever. 

There  are  many  bodies  on  which  we  can- 
not make  experiments ;  yet  if  we  have  fre- 
quently made  experiments  upon  other  bodies^ 
that  fall  immediately  under  our  notice,  and 
find  them  invariably  endued  with  certain  quali- 
ties, we  may  be  allowed  by  analogy  to  extend 
^ur  conclufion  fo  all  other  bodies,  and  thus  make 
it  univerfat ;  a  way  of  reafoning,  that  is  agree- 
able to  the  harmony  of  things,  and  to  the  old 
piaxim,  .afcribcd  tp  Hermes,  and  approved  by  the 
obfcrvatioi) 
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obfervation  and  juc^ment  of  the  wifofl  philofb-^ 
phcrs.  That  what  paffes  in  the  baavens  above. is. 
Jimilar  and  anaiogoiu  to '  wbai  pajfes  on  the  earik 
telfftt).* 

■  Thus  ail  bodies,  that  we  hav?  obfcFvedi  are. 
foijnd  to  gravitate  towards  one  another ;  they  en- 
deavour, if  they  are  near  the  earth,  to  defcend  by 
their  weight  to  the  earth's  center.  Now  though 
we  have  not  tried  the  experiment  on  every  Aone, 
or  upon  every  piece  of  Lead  that  we  fee,  yet  from 
what  we  have  tried,  we  conclude  that  all  of  .them 
have  this  fame  quality.  And  if  this  conclufion  be 
juft>  when  extended  thus  far  beyond  our  own  ob-- 
fervation,  we  may  extend  it  (till  farther.  No  one, 
after  what  he  has  experienced  in  all  forts  of  bodies 
that  he  has  been  uied  to,  can  rcaibnably  doubt, 
whether  other  bodies,  of  different  forts,  are  noc 
poffefied  of  gravity  as  well  as  thefe;  and  from 
what  he  hai  obferved  in  all  bodies,  where  he  can 
make  experiments,  he  may  conclude,  that  this 
property  of  gravity  belongs  to  all  bodies  univcr- 
fally,  and  that  the  moon  gravitates  to\vards  the 
earth.  It  is  thus  that  we  are  enabled,  by  a  fufTi- 
cient  number  of  particular  experiments,  to  draw 
general  conclufions. 

If  you  look  back  into  the  flate  of  philofo- 
phy  in  the  different  a|[es,  you  will  Icarn  from  the 
hiflory  of  every  period,  that  as  far  as  philofb- 
phers  cpnfulted  nature,  and  proceeded  on  obfer- 
vation,  they  advanced  in  true  knowledge ;  but  as 
fa^  as  tiiey  endeavoured  to  build  fchemes  on  any 
other  foundation,  they  only  multiplied  difputes  and 
errors. 

Wifely,  therefore,  docs  Lord  Bacon  confider 
JC  4  natural 
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natural  philofophy  as  a  vaft  pyramid,  that  ought ' 
to  have  the  hiftory  of  nature  for  it's  bafis,  an  ac- 
count of  the  powers  and  principles  that  operate 
in  nature  for  it's  fecond  ftagc,  and  the  formal  and 
^nal  ckufe  of  things  for  it's  third  flage.  But  as 
for  the  fummit  of  this  pyramid,  thcfupreme  of 
nature,  opus  quad  nperdtur  Dews  a  prindpio  u/que 
finem,  he  doiibts  whether  it  will  ever  be  attain- 
able by  man. 

1  cannot  offer  to  your  attention,  as  a  conclu- 
fion  to  this  Ledure,  any  thing  more  pertinent  to 
the  rcfearches  you  are  engaged  in,  than  the  devout 
afpirations  of  a  difciple  of  the  Sta^rite,  *  only  fo 
Ar  altered  as  to  render  them  more  conformable  to 
the  plan  of  this  work. 

Affift  us,  O  Lord,  our  heavenly  Father,  with 
the  light  of  that  rea/on  by  which  thou  lightencft 
the  world;  by  which  grace  and  beauty  is  diffiifed 
through  every  parr,  and  the  welfare  of  the  whole 
is  uniformly  upheld.  So  teach  us  to  know  our- 
felveSj  that  we  may  attain  that  knowledge,  which 
is  worth  attaining. 

Teach  us  to  be  fit  atftors  in  that  drama,  where 
jhou  haft  allotted  every  being,  great  and  fmall,- 
it's  proper  part,  the  due  performance  of  which  is 
the  one  chief  end  of  it's  cxiftcnce. 

Enable  us  to  curb  Jefire,  and  keep  it  always 
within  the  bounds  of  re<ftitude.  Be  our  firft  work 
to  efcape  from  wrong  opinion  and  irad  bahtt  -,  that 
the  mmd  being  rendered  fmcere,  and  the  heart 
incorrupt,  we  may  with  fafety  proceed  to  feck 
otir  genuine  good  and  happinefs. 

When  we  are  thus  previoufiy  exercifed,  thus 
duly  prepared,  let  not  our  love  there  flop  where 
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it  firft  begins;  but  infenfibly  condu»5l:  it,  by  thy 
invifible  influence^,  till  it  is  conjoined  to  thee,  in 
whom  only  it  can  findwhat  is  adequate  and  fu(l. 
Teach  us  to  love  thee,  and  thy  divine  adminijira~ 
Hon  :  to  regard  the  univerfe  as  our  true  and  ge- 
nuine country  j  and  let  the  ftreams  of  our  benefi- 
cence be  extended  to  the  whole  of  mankind.  £e 
it  our  endeavour  by  an  humble  fpirit,  a  gentle  de- 
portment, and  an  unfeigned  good  nature,  to  foften 
every  care,  alleviate  every  pain,  and  thus  render 
all  around  us  happy. 

Let  our  life  be  a  continued  fccne  <ii acquiefcence 
and  of  gratitude,  of  gratitude  for  what  we  enjoy^ 
and  of  acquiefccnce  in  what  wc /uffer  i  and  enable 
us  to  co-operate  with  cheerfulnefs  in  whatfoevcr 
thou  ordaineft ;  that  fo  we  may  know  no  other 
will  than  thine  alone,  and  that  ^e  harmony  of 
our  particular  minds  with  thy  univer/al  may  be 
Heady  and  uninterrupted  through  the  period  of  our 
exiftence. 

Turn  our  minds  from  all  chat  is  abje<9,  fer- 
vilc,  and  evil,  and  enable  us  to  embrace  and  che- 
rilh  only  what  is  generous,  lovely,  fair,  and 
Godlike. 

Let  it  be  our  ftudy  and  delight  ta  behold  in 
the  filent  mirror  of  contemplation,  thofe  forms 
which  are  hidden  to  human  eyes ;  that  animating  . 
wi/dom,  which  pervades  and  rules  the  whole; 
that  order,  irrefiftible,  immuuble,  fupreme,  which 
leads  the  willing,  and  compels  the  averfe,  to  co- 
operate in  their  Aation  to  the  general  welfare; 
that  magic  divine,  which,  by  an  efficacy  paft 
comprthenfion,  can  transform  every  appearance, 
even  the  moft  hideous,  into  beauty,  and  exhibit 
all  things  fair  and. good  to  thee,  who  art  of 
purer  eyes  than  ever  to  kebold  iniquity  i  the  folc 
•  and 
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and  only  Lord  and  Saviour,  a  nevcr-ceafingt  ever 
overflowing  ocean  .of  meeknefs,  delight,  good- 
nefs,  patience,  and  mercyi  ever  £^ving  forth  the 
.  fame,  gifts  of  goodnefs  uid  truth,  of  light  and 
love,  blefling  and  joy,  to  angels  and  men. 
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LECTURE    XV, 

On  Optics. 

'X'HE  advances  made  in  thoi  knowledge  of  optics 
-^  in  the  laft  and  prefent  age,  are  fuch  as  do  ho- 
nour to  human  nature  and  philofophy.  The  the- 
ory  of  light  and  colours  by  Sir  J/aac  Newton,  is  a 
piece  fo  excellent  for  invention,  for  judgment  in 
conckfting  experiments,  and  for  drawing  the  pro- 
l>er  conclufions  from  them,  that  had  it  been  Nino- 
ton's  lingle  work,  it  would  not  only  have  done  ho- 
nour to  him,  but  to  the  country  that  gave  him  birth.* 
Of  the  Acuities  called  the  five  fcnfes,  fight  is  with- . 
out  doubt  the  motl  noble;  the  rays  which  minifter 
to  this  fenfe,  and  of  which  without  it  wc  could 
never  have  had  the  leaft  conception,  are  the  moll 
wonderful  and  aftonifhing  part  of  the  inanimate 
creation. 

Of  this  you  will  be  fatilsficd  when  you  confi- 
der  their  extreme  minutenefs;  their  inconceivable 
velocity  ;  the  .regular  variety  of  colours  which  they 
exhibit ;  the  invariable  laws  according  to  which 
jhey  are  atfted  upon  by  other  bodies,  in  their  re- 
flexions and  refraiSions,  without  the  leaft  change  of 
Their  original  properties  ;  and  the  facility  with 
which  they  pctvadc  bodies  of  great  denfity,  and  of 
the  clofeft  texture,  without  refiftance,  without  dif- 
turbingone  another,  without  giving  the  leaft  fen- 
fible  impulfe  to  the  lighteft  bodies. 

Heat  and  light  may  be  confldered  as  the  chil- 
dren of  fire,  as  kindred  qualities  produced  by  the 
fame  caufe,  fomctimcs  exerting  their  powers  fepa- 
fatcly,  fomctimes  united.  '  We  are,  however,  very 
jenorant  of  the   intimate  combinations  of  light; 

and . 

'  ^ir  J.  Prin^c'i  Dircourrei,  p.  13^. 
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and  it's  mode  of  ading  upon  different  bodies.  Ex- 

f)eriments  upon  vegetables  give  us  reafon  to  be- 
icve,  that  light  combines  with  certain  parts  thereof, 
and  that  the  green  of  their  leaves,  and  the  various 
Colours  of  their  flowers,  arc  chiefly  owing  to  this 
combiriajion :  for  plants,  which  grow  in  darknefs,  are 
peiT&Aty  white,  languid,  and  unhealthy  :  to  make 
them  recover  vigour,  and  acquire  their  natural 
colours,  the  direct  influence  of  light  is  neceflary, 

Smewhat  fimilar  takes  place  even  upon  animals, 
d  mankind  degenerate  to  a  certain  degree,  when 
confined  too  dofely,  or  employed  in  fedentary  ma- 
mufailures.  Though  the  fun  is  many  millions  of 
leagues  from  you,  yet  yaa/ee  it  as  evidently,  and 
feel  it's  influence  as  powerfully,  as  if  it  were  within 
yoilr  reach :  it  is  toitbin  your  exiftence_.  It  fupplies 
comfort  and  life  to  your  animal  body  and  life; 
and  you  could  not  furvive  an  hour  without  it's  in* 
fiuence  and  operations. 

Light  is  diffufed  on  every  fide  from  it's  foun- 
t^n-the  fun:  joined  with  air,  it  gives  beauty  and 
fruitfulpefs  to  the  earth,  fupports  vegetable  and 
animal  life,  and  the  various  kinds  of  motions 
throughout  the  fyfi:em  of  nature.  By  their  manifold 
and  beneficial  operations,  as  well  as  by  the  beauty 
and  magnificence  they  produce,they  point  us  toHiNf 
■who  in  fcripturc  is  called  the  Glory  of  God,  by- 
U'hom  all  things  were  made  and  are  uphglden.  And 
the  firmament,  the  expanfion  of  the  celeftial  ele- 
ments, Jheweth  his  bandy  work,  not  only  as  Creator, 
but  as  Redeemer  of  the  world.  The  labours  of  our 
inftruAors  in  the  natural  world  know  of  no  inter- 
mifiion,  but  inceflantly  leifture  us  in  thefcicncc  of 
divine  wifdom.  The  fun  ftiines  forth  by  day,  the 
inoon  and  ftars  by  night ;  though  they  are  not  en- 
dowed like  man  with  the  faculty,  of  fpeech,  yet  they 
addrcfs  themfclves  to  the  mind  of  the  intelligent  be- 
holder 
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.  holder  In  another  way,  by  the  way  of  picture'  and 
rcprefentation. 

ZJgbt  introduces  all  nature  to  us,  the  trees, 
the  flowers,  the  cryftal  ftreams,  and  aziire  flcy:  the 
Axed  parts  of  nature  are  eternally  entombed  be- 
neath the  light  I  and  we  fee  nothing  in  fai5t  but  a 
creation  of  colours  ;  nothing  is  an  objeifl  of  vifi<m 
but  light;  that  which  we  call  body  or  flibftance, 
that  which  reflcds  the  various  colours  of  light,  lies 
hid  beneath  the  appearance,  is  wrapt  in  impenetra- 
ble obfcurity.  Matter,  at  firll  fight,  feems  to  be 
the  only  bang  we  have  correfpondence  with,  to 
meet  us  every  where ;  but  when  we  examine,  it 
fhrinks  like  a  phantom  behind  perception;  we 
know  it  not ;  the  clofer  we  inveftigate  it's  nature, 
the  more  it  glides  away  from  us,  and  all  that  we 
can  at  length  afceruin.  only  points  it  out  as  a 
fhadowy  Ihrowd,  under  which  sovkreign  powkr 
retires  from  plain  view,  and  a<5ls  by  regular  laws. 

The  eye  is  the  ir^rument  by  which  we  per- 
ceive the  effects  of  light;  it's  ftrufture,  it's  appur- 
tenances, the  various  contrivances  for  performing 
all  it's  internal  and  external  motions,  clearly  point 
it  out  to  be  the  work  of  Divine  Wlfdom ;  and  he 
mud  be  very  ignorant  of  what  has  been  difcovered 
concerning  it,  or  of  a  very  ftrange  calt  of  under- 
ftanding,  who  can  fcrioufly  doubt,  whether  or  not 
the  rays  of  light,  and  the  eye,  were  made  for  one 
another  with  confummate  wifdom  and  perfe<^ 
fkill  in  optics. 

If  you  were  to  fuppofe  an  order  of  beings 
endued  with  every  human  faculty  but  that  of  fight, 
how  incredible  would  it  appear  to  fuch  beings 
accufiomed  only  to  the  How  information  of  touch, 
that  by  the  addition  of  an  organ  confining  of  a  ball 
and  focket  of  an  inch  diameter,  they  might  be  en- 
abled in  an  infiant  of  time  without  changing  their 
place  to  view  the  difpofition«f -a  whole  army,  or 
3  -      'he 
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-tbe  order  of  a  baccle,  the  Bgiire  of  a  msgnificent 
palace,  or  all  the  variety  of  a  landfcape?  If  a  man 
were  by  feeling  to  find  Out  the  figure  of  the  peak.- 
of  Teneriffe,  orevcnofSt.  Peter's  church  ac  Rome, 
it  would  be  the  work  of  a  life-time. 

It,  would  appear  ftill  more  incredible  to  fuch 
beings  as  we  have  fuppofed,  if  they  were  informed 
'Of  the  difcoveries  chat  may  be  made  by  this  little 
organ  in  things  far  beyond  the  reach  of  any  other 
fcnfe-;  that  by  means  of  it  we  can  find  out  our  way 
upon  the  pethlcfs  ocean  t  that  we  can  traverfe  the 

flobe,  determine  it's'  figure,  it's  dimenfions,  and 
elineate  every  region  j  that  we  can  meafure  the 
planetary  orbs>  and  count  the  numbcr.of  the  hea- 
venly hoft. 

Would  it  not  appear  flill  more  aftonifhing  to 
fuch  beings,  if  they  fhould  be  farther  informed, 
that  by  means  of  this  fame  ot^n  we  can  perceive 
the  tempers  and  difpofittons,  the  atfeiftions  and 
paflions  of  our  fellow-cjxatures,  even  when  they 
want  moft  to  conceal  them  ?  That  by  this  organ 
we  can  often  perceive  what  is  ftrait  and  crooked 
in  the  mind  as  well  as  the  body  ;  that  it  partici- 
pates of  every  mental  emotion,  the  fofteft  and 
moft  tender,  as  well  as  the  moft  violent  and  tu- 
multuous ;  that  it  exhibits  thefe  emotions  with 
force,  end  infufes  into  the  foul  of  the  fpe£tator 
the  fire  and  the  agitation  of  that  mind  in  which 
they  originate  ?  To  many  myfterious  things  muft 
-a  blind  man  give  credit.  If  he  will  believe  the  « 
relations. of  thofc  that  fee,  his  foith  mud  exceed 
that  which  the  poor  fceptic  derides  as  impoflible, 
or  condemns  as  abfurd.*  It  is  not,  therefore, 
without  TCAfon,  that  the  faculty  of  feeing  is  look- 
■ed  upon  as  more  noble  than  the  other  fenfes,  as 
^fcving  fomcthing  in  it  fuperior  to  fenfation,  as  the 

fenfi: 

*  Rcid's  Inquiry  into  the  HuBUi  Mtad,  p.  i  js,  ts$. 
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fenfe  <of  the  underftanding,  the  language  of  intel-* 
ligencc. 

The  evidence  of  reafon  is  cajled  feeing,  not 
feeling,  fmelling,  tafting ;  nay,  we  exprcfs  the 
diviiu  kfio-auledge  \iy  feeing,  as  that  kind  of  luww- 
iedge  which  is  moft  perfed:  in  ourfelves. 

Truth  is  of  the  nature  and  eflence  of  Gos^ 
incapable  of  a  verbal  definition,  but  may  be  il- 
lullrated  by  the  fimilitude  of  light.  Between  the 
obietfts  of  the  mind  and  corporeal  £hings,  the 
objedbs  of  outward  fenfe,  there  may  be  found  in 
'many  .refpeds  a  very  natural  and  juft  analogy,  as 
it  is,  indeed,  natural  to  expcift ;  every  corporeal 
form  being  but  the  image  or  rcfemblance  of  (bme 
mental  form.  Hence  you  find  in  facred  writ, 
light  applied  as  a  name  to  the  Supreme  Being; 
for  as  the  fitn  is  the  fountain  of  external  light  to 
this  vifible  world,  fo  is  the  Divine  Mind  the  foun- 
tain of  intelligence  or  intellediual  light.  Thus 
alfothedifierent  kinds  of  GOOD  which  run  through- 
out the  whole  externnl  univerfe,  may  be  confidered  ^ 
as  beams  emitted  forth  from  the  goodnefs  of  the 
Divine  Being,-  and  though  the  intelleSual  fun,  who 
enli^tens  the  whole  intelligent  or  fpiritual  world, 
be  uniform  in  his  elfence,  like  uncoloured  light ; 
yet  as  he  beams  around  on  all  things,  without  ex- 
ception or  intermiffion,  his  rays  take  a  dwerfity  of 
tints  from  the  diverfity  of  objoas  on  which  they 
fall,  or  the  different  lights  in  which  the  fame  ob- 
jeifl  is  conlidered  :  or,  as  a  ray  of  the  fun,  that 
juhlime  zrA  fignificant  emblem  of  truth,  paffing 
through  a  prifm,  is  divided  into  a  beautifulva- 
rjcty  of  fliades  and  colours,  fo  that  ray  of  truth, 
which  is  (hed  down  from  heaven  on  the  humaa 
mind,  as  it  palTes  through  different  mediums  of 
knowledge,  differs  in  ftrength  and  degree,  and 
-  exhibits  an  illuftrious  fpecimen  of  that  beauty  and  ' 
variety  in  appearance  and  effei^^  which  diftinguilh 
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All  the  works  of  God.  The  influence  of  our  in- 
telleiJudlJun  never  ccafes,  nor  will  it  ever  mifs  of 
accomplifhing  it's  divine  ends  in  all  fuch  ininds 
as  open  themfelvcs  to  receive  the  aid  of  his  benig* 
irradiation. 

1  ihall  not,  perhaps,  find  a  more  fuitabic  op-  ' 
portunity  of  illuftrating  to  you  the  words  of  the 
apoftle,  (and  by  this  illuflration  pointing  out  to  you 
one  of  the  great  ends  of  natural  philofophy.J  that 
the  invijibie  things  of  God  are  clearly  Jeen  from  the 
creation  of  the  world,  heing  understood  hy  the 
things  which  are  made.  The  whole  natural  world, 
throughout  the  facred  oracles^  is  referred  to  as  a 
figure  of  the  fpiritual.  You  will  find  this  fubjc«^ 
placed  in  a  very  clear  light  by  the  Rev,  Dr.  Ta- 
tham,  •  in  vol.  ii.  of  his,  "  Scale  and  Chart  of 
Truth,"  a  work  to  which  I  have  already  referred 
you.  In  this  dark  and  fublunary  ilate^  wedded  to 
.fenfe,  immured  in  body,  and  involved  in  matter, 
we  pofiefe  no  faculties  by  which  we  can  form  any 
immediate  conception  of  God  and  fpiritual  beings.-^ 
Between  the  vifible  and  invifible  worlds  an  im- 
pallable  gulph  is  fixed,  aji  impenetrable  chaTm, 
through  which  not  a  ray  of  celeftial  light  can 
direlily  dart.  All  our  information,  therefore,  of 
things  that  are  divine  mud  be  conveyed  through 
an  indirea  channel. 

You 

•  Tatham's  Scale  and  Chan  of  Truth,  vol.  ii.  p.  lat  ;  vol.  i. 
p.  1S5.  SeeaKo  the  works  of  Lord  Bacon,  Dr.  Home,  Bilhop 
of  Norwich,  and  thofcofth*  Rev.  William  Jonei. 

f  Phto  has  a  moil  beauiiful  palTage  on  this  bud,  faying, 
"  That  they  who  contcmplaie  an  eclipfc  of  the  fun,  untcfs  ihcV 
view  the  image  of  the  fun  in  waicr,  or  foinc  fuch  thing,  lofc 
iheirown  tyt-Jight,  hy  gazing  ttieniively  upon  an  ebjed  brighter 
ihan  it  can  bear."  That  i«,  the  ratnd  oy  contemplating  toe 
clofely  the  -re.  ovrx,  and  endeavouring  by  it's  own  internal 
energy  lo  behold  them  as  they  are  in  themfclve*,  will  be  d»E- 
zled  and  llupKied ;  but  by  having  recourfe  to  tenfible  objeOs, 
'  and  reafoning  from  an  analogy  in  nature,  it  may  conlcnipUta 
them  without  being  impaired. 
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You  know  that  by  analogy  in  human  language 
We  transfer  material  impreflions  to  mental  fubjefts, 
and  can  thereby  communicate  and  confider  thefe  ' 
with  certainty  and  precifion  j  fo,  by  a  fimilar,  but 
higher  transfer  from  things  which  are  hunuin,  ma- 
Terial,  or  mental,  to  thofe  which  are  divine,  human 
language  is  converted  into  an  indire<%  but  certain 
inftrument  of  this  celeftial  communication. 

Our  Lord,  irf  condefccnfion  to  the  capacity 
end  apprehcnHon  of  mankind,  hath  gracioufly  and 
rf>undantly  employed  this  analogy  as  a  medium  to 
render  us  capable  of  receiving  the  myfteries  of  re- 
ligion. This  divine  analogy  is  founded,  like  the 
human,  upon  a  fimilitude  confifting  in  a  perfeS 
rejemhlance  and  correfpondeHt  reality  between  the* 
terreftrial  things  and  ideas,  which  are  the-direi5l: 
objeifls  of  the  human  intellei5t,  and  thofe  celeftial 
truths  of  which  it  caa  have  no  direft  conception; 
and  it  is  exprcfled  by  transferring  the  words  which 
ftand  for  the' terreftrial  things,  and'  the  ideas  to 
'  celeftial  truths,  which  words  are  to  be  taken  in 
their  plain  and  obvious,  not  figurative  lenfe;  fo 
that  the  comparifon  is  founded  on  fomething  real 
as  well  as  fimilar;  from  which  real  fimilarity,  rea- 
fon  deduces  a  juft  and  true  correfpondence.* 

Inftead  of  giving  men  new  and  fpiritual  ideas 
of  heavenly  rhinj^s,  difierent  from  thofe  they  have 
by  nature,  and  inftead  of  uJing  a  fpiritiial  language 
or  mode  of  commufiicaiion  calculated  direittly  to 
cxprefs  heavenly  truths,  (which  would  be  to  change 
their  nature  at  once)  this  analogy  takes  men  as 
Vol.  IL        ■  L  they 

*  Tbis  it  noi,  fay*  BiChsp  Butler,  an  apparent  and  nttapho'ical 
JimiiUude  ;  it  rt  ihc  lubHituting  the  idtaoi  camrplion  uf  one  ihing 
lojland  for  and  rcfirtfat  anoiher,  on  acctMni  of  a  trut  Tt/tmilante 
■lid  carirfpundoU  retilUy  in  ihe  very  nature  of  the  things  cumpured. 
It  isde&nedby  Aiiltoclean  t^aalitji  oc  parity  of  Ki(uain^,tW6<i^ 
the  parity  of  reafoning  is  rather  built  on  ihc  rtmiliiude  and'OM^ 
U>Sf>  ■■^■1  Conf:ijue::t  lo  then,  than  the  fams  wUh  ihuin. 
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they  arc,  ai^l  only  transfers  their  wor^s  and  ideas 
from  earthly  to  heavenly  fubjcifts,  by  which  divine 
and  wonderful  expedient,  the  invijihle  tbinrs  of  God 
are  zttAV>\.'i  Jsen,  hing  unde(istoop  by  toe  tbingt 
that  are  made. 

By  this  method  of  divine  revelation,  fo  hicef- 
/ar/t  fo  rea!^  fo  clear,  and  certain,  the  Almighty 

'  has,  as  it  were,  bowed  the  heavens,  and  come  ddoAi, 
in  wonderful  condefcenfion  to  the  blindoefs  and 

.  imperfedtion  of  human  reafon,  fpeaking.to  us  of 

'himfelf  in  our  own  idea$  and  words,  with  the  uft- 
moft  familiaricy,  as  a  man/peakethto  bii/rieKj,ani 
enabling  us  to  fpcak  of  him  as  far  as  we  are  con- 

.cerned,  with  all  reverence  and  adoration,  but  with 
as  much  ea'fe  and  certainty  as  of  each  other.. 

In  the  explication  of  his  myfterlcs  (fays  Lord" 
Bacon,  our  drvine  philofopher)  God  vouchsafed  to 
defcend  to  the  weaknefs  of  our  capacity,  foexpref- 
iltig  and  unfolding  them  to  us  as  they  may  be  beft 
comprehended  by  us,  inoculatihg,  a»  it  were,  his 
revelations  upon  the  conceptioiu  and  notions  oC 
oiir  ^cafon;  and  fo  applying  his  infpirattons  to 
open  our  underftanding,  as  the  figure  of  a  key  is- 

'  fitted  to  the  Wards  of  a  lock.  We  ought  not,  bow- 
ever,  on  this  account,  to  be  wanting  to  ourselves  ;i 
for  feeing  Qod  makes  ufc  of  the  faculty  and  func- 
tions of  reafon  in  his  divine  illuminations,  we 
ought  every  way  to  improve  the  fame,  in  pcderthac 
we  may  be  more  capable  to  Kccive.and  entertain 
fuch  holy  mylleries. 

OuR.LQRD,who  is  himfetf  thcfountunand  Qon-r 
du^r  of  truth,  is  rcprefented  in  the  facrcd  cH«cles 
as  the  si;N,rthe  fountain  of  licrt,  anddJ  the  day- 
..SPRING  BAOM- OH  iiiuH.  the  harhn^er  of  light; 
and  of  thefe*  spt  iimilitudes  familiar  to  all,  even 
without  an  explanation,  he  often  availed  him- 
felf, "exprcflirig  irutb  by  the  fignificant  cmblcoi-of 
LiCiiiT,  and  the  I.1G4JT  Of  Lin. 

3    -  H. 
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t^E  hy  tvhom  all  tbhgs  'mere  made  hath  delected 
to  the/«n  the  power  of  enlightening  the  material 
fyftem,  while  he  hath  refcrved  to  himself  Ihe 
office  of  giving  light  and  knowledge  by  hii  eternal 
TRUTH  to  the  mind  of  man.  But  whether  he  ads 
through  the  ivftrumentality  of  hls  creatures,  or 

Sore  immediately  from  himfclf,  he  is  uniform  and 
•nfiftenc  in  his  operations ;  fo  that  one  part  of  his 
creation  is  always  illuftrative  of  another. 

The  fun.  in  performing  his  daily  fplendid 
office,  beams  forth  light  and  life  throughout  our 
fyftan,  and  proclaims,  in  language  known  to  all, 
it's  Maker's  facred  glory,  whole  power  fupplies  the 
hever-failing  fountain  with  it's  endlefs  beams,  and 
makes  it  a  reprefentative  of  hik  invilible  glory.  Thus 
as  the  tvv  fhcds  his  light  over  the  material  creation 
to'  be  apprehended  by  the  eye,  fo  truth  is  the 
light  Ihed  down  from  heaven  to  be  apprehended 
by  the  intellcft,  given  to  illumine  every  fubjeft 
niitural  and  mam,  corporeal  and  ipirinial,  as 
ftr  as  they  are  qualified  by  their  different  natures 
to  convey  it  to  the  human  mind,  or  rather  pcr~ 
haps  fo  far  4s  the  human  mind  is  qualified  to  r?-* 
ceive  it  frdm  them.  For  the  difficulty  of  receiv- 
ing truth  does  not  exift  fo  much  ia  the  fubjeds  as 
in  ourfelves ;  and  truths  which  are  the  ftrongeft. 
may  foixietimea  ^ne  upon  our  mind  with  the 
wcakeft  iforce. 

In  order  to  itiftrud  us,  the  facred  fcripture 
always  places  fome  nacuAl  objeA  before  the  eye  of 
the  unacrlhuiding ;  and  as  the  vifible  worfd  is 
throughout  a  pattern  of  the  invifihle,  ihe  figures 
of  the  facred  writers  built  upon  the  images  of 
lUture,  are  as  extenfive  as  the  world  itfclf.  The 
world  being  thus  an  image  or  fhadow  of  heavenly 
things,  natural  pbite/oph^,  when' employed  in  un- 
folding the  worKs  of  creation,  and  applying  them 
to  their  true  end,  is  a  fcboel  in  which  God  is  the 
X  3  teacher ; 
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teacher  r  and  >U  the  9\>jc6t&  of  fenfe  in  heaven .tnd- 
canh,  qnd  under  the  earth»  are  the  letters  of  ^ 
umverfai  language.  In  which  you  and  all  mankind 
Ivive  ^  cominon  intereft.  , 

.  Words,  .arc  change^blci  langu^e  has  bees 
confounded,  and  men  in  different  parts  of  the 
world  are  as  unintelligible  to  one  another  as  barw 
Barians:  but  the  vtfible  works  of  creation  are  not 
fubjeifl  to  any  fuch  confufion,  they  fpeak  to  us  tk% 
SuDC  language  as  they  fpoke  to  Adam,  and  their 
Cin^uage  wiU  laft  as  long  as  the  world  ibaU  it-% 
main.  .    . 

Thus,  far  example,  if  you  take  the  word  God. 
>ou  have  a  found  which  gives  you  do  idea ;  and  H 
you  trace  it  thxougb  all  the  languages  of  the  world, 
you  And  nothing  but  arbitrary  founds  with  great 
variety  of  dialed:  and  accent,  all  of  which  ftill 
lewe  you  where  you  began,  and  reach  no  farther 
tha^thc  car.  But  when  it  is  faid,  God  is  a  fun  and 
a  Jbteldy  then  things  are  added  to  words,  and  you 
underftand  the  extent  of  the  p^wcr  and  the  iniUt- 
eQci  of  th/:  £eing,  CgniHed  by  the  word  God: 
yoij  conceive  hiia  to  be  the  author  of  light^to  the 
undcrftanding,  the  fountain  of  life  to  the  foul, 
tt'3  ^curity  againfl:  all  terror,  it'A  defence  againlt 
all  darker.  Such  is  the  ditfercnce  between  the 
language  of  words^  a\d  the  language  of  ibiitgs.  If 
an  image  is  presented  to"  the  mind,  wherka  found 
is  heard  by  the  ear,  then  we, begin-to  underftand> 
and  a  Tingle  objed  of  our  fight  in  figurative  ac- 
ceptation will  give  you  a  lirgcr  and  more  inftruc- 
tive  leflbn  than  ever  could  be  conveyed  by  all  the 
.pofliblc  combinations  of  founds. 

.In  the  preceding  Lcdures  on  fire  ypu  have 
ftjen  hpw  every  thing  fublifts,  and  is  prefervedi 
ip  the  midft  of  an  element  capable  of  deftroy- 
iiig'and  confuming  all  things,  and  yet  by  ifs 
fpontaneous  ^action,  it  never  deilroys  afty  thing. 
.  '  ' '  _  I  havfc 
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I  have  now  to  treat  of  another  agent ;  light 
is  "a-  property  Of  fire;  by  it's '  operation  il 
makes  us  pafs  in  the  twinkling  of  an  eye  froiA 
Sfhite  of  the  thickeft  darknefs  to  that  of  tl* 
fcri^teft  «iay ;  it  gives  us  ^  it  were  a  new  exift- 
cncc.making  us  go  out  of  ourfelveS,  and  enter  intd 
l»mmunion  and  commerce  with  the  moft  diftant 
objeffts.  Heat  and  light  are  undoubtedly  the  off- 
■fpring  of  fire;  but'we  are  equally  unifaleto  draw 
the  line  of  feparaeion,  or  to  trace  the  bond  that 
Ijnices  them.  You  need  not  be  furpriied  at  theft 
varFous  modifications  of  the  fame  nufd,  whfti  yo6 
refleft  on  what  you  have  already  feen "in  thisworltf, 
■where  beauty  is  fo  diverjtjied,  where  ^th^  is  fo  mut- 
ti/orm,  and  yet  where  one  and  the  fame  facc-^ 
ehmgs  is  ever  prefented  to  your  view, 
*  As  the  eye  among  the  organs  of  bddy,  fo  optics 
Among  the  branches  of  natural  phifofo^hy,  is  the 
■moft  noble,  carious,  and  ufeful ;  and  this  whether  ft 
is  trcatingof  fimple  vifion,  of  that  through  giaffes, 
'or  of  the  cffecis  of  mirrors,  all  ftill  relates -to  the 
«ye,  and  you  are  intimately  concerned  in  all  "the 
phenomena  of  which  it  treats.  If  you  caft  your  cy^ 
on  a  large  plain^'  and  fiin  rapidly  over  all  the  ob- 
jects thereon,  in  an  inftant  the'ir  image  it  exa(5tly 
painted  at  the  bottom  of  your-  eye ;  if  yon  loolt 
through  a  telefcope  at  a  diftant  objeS,  it  appear* 
■as  if  it  were  within  a  few  ihches  of  the  eye.  Does 
age  weaken  the  iighl?  a  convex  glafa  reftores  ft  . 
again  ;  if  the  eye  be  fo  formed  a«-not  to  be  capa^' 
ble  of  viewing  diftant  objeds,  a  concave  glafs  re- 
medies the  dcfed.  Have  you  occafion  for  he^t 
beyond  the  ftrength  of  the  furnace?  optics  will  in"- 
ftruft  you  how  to  obtain  it  from  the  fOlar  rays. 
With  a  prifm  in  your. hand  you'dccompofc  thofe 
rays,  and  fhcw  that  the  rays  of  light  which  ap- 
pear to  us  uncoloured,  confift  trf"  ftveri  primitive 
-colours. 

'  ■    L  3  Amongft 
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AmtHi^  th«  various  invpntions  of  huraaa  ii^ 
there  are  none  (o  }\iR\y  entitled  to  your  adraiiv  - 
tioo,  as  thofe  which  cnUrgc  the  pgwen  of  vifioy, 
And  the  difcove^y  of  optical  i-njirtunftils  may  b« 
efteerned  amongA  the  moll  noble,  as  w«U  as  antoi^ 
the  moft  ufeful  gifts  which  the  aupReMS  arti»T  . 
hu  conferred  on  man.  For  all  .admirable  aa  tb«  - 
fj*  came  out  of  the  hands  of  him  who  made  it| 
yet  DO  organ  of  the  antntal  frame  hath  he  permit-  • 
trd  to  be  fo  much  aflifted  by  human  contrivance, 
not  only  for  the  ixU.i  and  comforts  of  life,  but  for 
the  advaitcemeBt  ef  natural  fcience,  whether  as  in 
micro/eopef,  by  giving  form  and  proportion  Go  the 
muutr  paru  «f  oodies  (as  it  were  to  the  a[oms  of 
nature)  imperceptible  before;  or,  by  contraf^ing 
fpace,  as  by  the  tclc/copf,  ?.nd,  as  by  inagic  911, 
bringina  tg  view  the  grander  objeiSs  of  the  uni- 
verfc,  the  immeDfe  diilances  of  which  had  eithcf 
difguifn)  their  afpe^>  or  rendered  themquite  in- 


Oilguura 
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Yet  fo  Angular  are  the  difpefitioiu  of  men  who  - 
term  themfelves  philofophers,  that  you  will  fin4 
them  on  the  one  hand  denying  the  exigence  of  al^ 
fpirifal  heings  and  Jpirilual  agency ;  and  pn  the 
other,  fooncr  than  own  and  acknowledge  the  unity 
of  defgn  and  wifdom,  that  is  evident  in  all  parts 
of  creation,  they  will  embrace  the  grcatcft  abfur- 
ditics,  and  make  fire  and  light  to  be  mere  quali- 
tiH.  That  light  is,  hou  ever,  the  a&ion  of  a  mate^ 
rial,  real  fubftance,  will  become  very  evident  to  you 
by  a  few  confiderations. 

J  ft.  The  motion  of  light  is  progrcffivc,  like 
an  other  bodies;  and  it  has  been  proved  by  aAro- 
nomers,  that  it  ukes  about  feyeh  or  eight  minutes 
in  paffing  from  the  fun  10  the  earth.  This  difco- 
verywasnrftmadcbyA/ijr/',/?fl«/r>  who  having  ob-  ■ 
fervcd,  that  the  eclipfcs  of  tht/aieUiies  ofjapitex 
appeared 
•  Sir  John  friii^c't  Diftrearret. 
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•ppeared  fooner  or  later  than  they  ought  by  thcory'> 
according  as  the  earth  was  nearer  to,  or  farther 
fiwRy  Jupiter,  coiicluded  from  thence  that  the  mo- 
tibn  of  hght  was  not  inftantaneous ;  and  by  obferv-  - 
injg  tha  different  times  of  the  appeai-ahccs  of  chcfe  ' 
ecVipfcsi  according  to  the  different  diftances  of ' 
theeatth  from  Jupiter,  difcovercd  the  time  it  tooli 
up;  This  theory  was  further  confirmed  bya  nota- 
ble difcovcry  of  Dr.  Bradkjt  of  an  apparent  riio- . 
tion  of  the  ^xed  fbirSj  and  elegantly  accounted  for 
by  the  motion  of  light. 

From  Dr.  Bradley's  obfcrvations  it  appears, 
that  light  is  propagated  as  far  as  from  the  fun  to 
the  earth  in  8  minutes  12  feconds.  And  it  like- 
wiffi  appear^,  that  the  velocity  of  light  is  unifonit 
and  the  fame,  whether  original,  as  fVom  th<  ftars,  - 
or  TefleAed,  "as  from  the  fatellites  of  Jupiter. 

5.  Light  may  be  flopped,  or  refifted,  in  it's 
paflkge  from  orte  place  to  another  by  ~th£  inter- ' 
porfitton  of  an  opake  body,  as  other  fluids  are  fl-op^ 
ped  in  their  coUrfes  by  the  oppof^tion  of  any  iblld 
fubftance, 

3^  Like  all  odier  bodies  in  motion,  it  may  be  ' 
turned  out  of  it's  re^ilinear  courfe,  and  have  the 
determination  of  it's  motion  changed  ;  it  maybe 
collei^ed  into  a  fmall.  or'fcattered  through  a  large 
fpacc. 

4.  It  at^g  upon  the  ot^ans  of  animals,  and 

upon  all  other  bodies,  in  a  fimiiar  manner  to  other  ~ 

1  fluid  fubftances,  ftriking  them  with  a  determined 

force,  communicating  to  them  a  certain  degree  of 

motion,  and  feparating  their  component  parts. 

The  velocity  of  light  being  known,  we  (hould 
be  able  to  cftimvc  the  magnitude  of  it's  particles, 
if  we  were  in  pofleflion  of  good  obfcrvations  of  the 
cffeifl  of  their  momentum.  For  example,  it  is  found 
Aiat  a  ball  from  a  cannon  at  it's  firft  difcharge  Hies 
with-a  velocity  of  about  a  mile  in  S  feconds,  and 
L  4  would 
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would  therefore  arrive  at  the  fun  ia  32  yew,  lup- 
pofing  it  fo  move  with  unremi;.ted  velocity.  Now 
liffht  moves  through  that  fpace  in  about  B  tTiirxute3» 
which  is  two  million  times  fafler.  But  the  forces 
with  which  bodies  move  ^re  ;is  their  ^aflca  mul-  - 
tiplied  by  their  vck«;ities  :  if  therefore  the  .parti- 
cles of  light  were  equal  in  mafs  to  the  two  mii- 
liomh  part  of  a  grain  of  fand,  we  fhouUi  be  do 
inore'able  to  cpdure  their  impulfe  than  thaX  of  land 
when  Ihot  point  blank  from  a  canoon.* 

_D£F1NITI0NS. 

The  caufe  and  nature  of  vifion  is  properly  the 
fubjei£l  of  that  part  of  phtlofophy  which  is  called 
by  tho  name  oi  optics.  But  as  light  is  a  piincipal 
inftnimenc  in  efitedtng  vifion,  the  word  optics  is 
ufed  in  a  more  e_xtenfive  fenfe,  and  every  thing  in 
philofophy  ie  looked  upon  as  a  part  of  optics, 
which  relates  to  the  nature  and  qualities  of  light. 

When  rhc  word  optics  is  ufed  in  the  Itriiiter 
fenfe  for  the  theory  of  vifion,  t'he  fcience  of  optics 
is  divided  into  two  parts ;  one  part  is  called  ^10^- 
irics,  and  the  other  catoptrics. 

The  laws  of  refraiiion,.  and  the  effeifts  which 
the  refraclion  of  light  has  in  vifion^  are  thefubjedb 
of  dioptrics. 

The  laws  of  r£fiexion,  and  the  effe<5l5  which 
the  reflexion  of  light  \\Aa  in  vifioij,  are  the  fubjeil 
of  catoptrics. 

Thefe  diftindions  will  however  be  of  little 
ufe  to  us,  nor  will  it  be  worth  our  while  in  thefe 
J^(5tures  to  keep  the  branches  of  optics  diftinft 
from  each  other. 

Whatever  is  fecn,  or  beheld  by  the  eye,  is  by 
opticians  called  an  ohje^. 

Thejr 

•  Nichoiron'*  tntrodu^on  to  Fhilofophy,  vol.  I.  p.  256. 


They  confider  every  luminous  otjeH  as' made 
up.o{  a-vaft-nujnbar  of  tntouce  pouitsi  aad  that 
each  of  thefe  poiptSj  by  an  unknown  poiveri  fends 
forth  rays  of  Kght  in  a!i  dtreiiiofis,  and  is  thus  the 
center  of  a -fpherc- of  light  extending  indefrnitely 
on  all  fides..  To  render  this  clearer,  conljder  this 
linall  brilliant  objed  chat  1  place  upon  the  tablc> 
and  you  will  find,  that  you  can  fee  it  from  any 
'  part  of  the  room;  it  is  ^therefore  .evident,  chat 
tay^  of  light  muft  proceed  ^mall  parts  of  it,  and 
extend  ii^e^initelv  on  all  fides. 

.  Byitn^oi  light,  js  -ufualjy  meant,  the  le^ 
particle  of  light  that  can-cu^er  be  incercepced 
alone,  whilft  all  the  reft  .are  fiifTcred  to  p»fs^  or 
that  can  be  .let  pafsa^e^  wiulft  all  the  reft  are 
intercepted. 

Any  parcel  of  rays  diverging  from  a  pointy 
•onfidered  as  feparace  from  the  reft,  ii  called  a 
ftncit  of  rt^s. 

By  a-  medium,  in  the  language  of  optician^ 
is  meant  any  pellucid  or  tranlparent  body,  whic]^ 
fullers  light  to  pafs  through  it.  Thus  water,  air, 
a  diamond,  and  glafs^  are  called  mediums. 

One  medium  is  laid  to  be  more  ien^  than 
another,  when  it  contains  more  matter  in  die  fame 
bulk  and  fize:  thus  glafs  is  more4enie  thaA  water, 
water  is  more  dcnfe  than  air. 

,A  fmall  objetft,  or  phyfical  point  of  anobjeft, 
c'onfidered  as  propagating  light  towards  a  csrtaia 
part,  is  fometimes  called  a  radiant,  ot  radiating 
point, 

Thofe  rays  which  proceed  from  any  point  at 
a  very  great  diftance,  may  be  confidered  as  paralhl 
rays;  for  the  greater  the  diftance  of  the  point  from 
whence  n^s  flow,  the  nearer  d«  they  approach  a 
parallel  dire*^on. 

Of 


=d  by  Google 


«54    Lcctvuu  oir  NAtvkAL  PttiMiftftinr, 


Of  T«t  cRwenAL  Tuvcmts  w  winci!  Optica* 
Demonstrations  are  founded. 

To  illuftrste  ahd  ffTpUin  ftme  qf  the  general 
principles  of  optics,  I  fhaH  dtricen  this  room,  and 
only  admit  the  lif;ht  by  s  fmall  hole:  oppoftte  to 
th-  hole  I  (hall  place  a.  white  fcreeft.  Now  if  you 
lo^k  at  t'-.e  fcrech,  yoii  will  ohfervt  thereon  a  picv 
c<>re  oi  alt  the  Qxterior  objeAi  which  are  oppofin  - 
to  the  hole,  with  all  their  i^atural  coloujs:  the  co-  " 
lours  are  faintly  depi(%ed;  the  imagcj  of  the  obieifts 
thgt  are  fl:atior«ry,  a*  honfes,  tre«,  «c.  are  fixea  and 
l^auoaary  in  the  picltare ;  while  the  images  of  th<^e 
that  are  in  motion,  as  thofe  of  horfes,  ficc.  are 
fecn  to  move;  You  obfervc  that  the  image  wfevery 
objedl:  is  iiivfrtedi  this  is  eccafioned  by  the  rays 
of  Itght  croffing-each  other  as  they  paft  througH 
the  hole.  The  fun  Oiines  this  moment  oir  the 
hole,  asyou  may  fee  by  the  luminous  ray  proceed-' 
ing  from  ii  to  the  fcreen.  Now  if  either  of  you 
will  place  your  eye  in  this  ray,  yon  will  find  that 
your  eye,  tne  fun,  and  the  hole,  are  in  one  and  the 
fan>e  ftrait  line.  !t  is  the  fame  with  every  other 
c^jed  which  is  depided  on  the  fcreen.  The  images 
of  the  obje£ts  are-fmalter  in  proportion  as  the  Z\t^ 
jcdi  are  further  from  the  hole. 

Let  us  now  confider  a  few  among  the  many 
important  inferences  that  may  be  drauced  from 
the  foregoing  experiment. 

It  muft  be  evident  to  you,  that  light  moves  or 
otfs  in  a  firait  line  ;  for'you  faw  that  your  eye,  the 
imape  of  the  object,  and  the  objeft,  were  always 
in  a  rght  line.  Tiiis  is  alfo  plain  from  the  fha- 
dowB  which  opake  bodies  caft ;  for  if  the  light  did 
no^  d(  fcribe  lirait  Imcs,  there  would  be  no  (hadow : 
it  is  equally  plain  from  iights  finding  no  paffage 
through-bent  tubes. 

As 
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As  djpnys  of  light  are  confttncly  propagated 
in  right  hnes  from  luminous  bodies,  whenever  I 
have  occafiofi  ca  reprefent  a  ray  of  light>  I  fhall  dtf 
it  by  a  ftrait  line  reaching  from  •  luminous  bodjr 
to  the  body  illuiuined ;  that  is,  I  Ihalt  fpcafc  of  the 
IiQC  which  the.ray  defcribes,  as  if  it- was  the  ray 
JtOJf, 

It  is  manifcft  alfo  that  light  confifti  of  parts 
both  fuccellive  ^itid  cotcmporary.  becauie  in  the 
lacoe  place  yoamay  ftop  that  which  conies  one 
momeot;  and  let  pafs  that  which  comes  prcfently 
after ;  and  at  the  fame  time  you  may  ftop  it  in  any 
one.  place,  and  let  it  pafs  in  any  other.  In  other 
yi'ora*t  the  light  which  f^Hs  upon  an  objed;  all  at 
once*  at  the  urac  iniHni*  is  cotemporary-,  the  light 
which  from  time  to  time  continues  to  fall  on  an 
objed^  is  Jucc^ve,  conlifting  of  parts  following 
one  another. 

A  fecood  inference  dcducible  from  our  ex- 
periment  is,  that  a  luminoH$pointmaybe/eenfr»m 
all  plattJ  it  wbieb  aftraitH*ecanbi^awn,wilbvut  . 
meelittg  wiib  ax  intervening  ohfiacle.  This  mull  be 
evident  CO  you,  when  you  remember  that  the  pic- 
ture of  an  objeA  in  motion  in  thefe  enteriment*. 
was  vifible  as  long  as  it  was  in  a  line  with  the  hole 
and  fcreen. 

It  follows  from  hence,  that  a  lumiMautpoitU^  bjr 
feme  unknown  ipemcx,  fends  firib  rays  in  all  direc- 
fhaSfZnd  may  be  confidered  as  the  center  ^a/pbere 
•fUgbt  extending  indefinitely  on  alludes. 

This  you  may  underftand  ftill  better  by  look- 
ing at  fg.  ii  pi.  1 1  where  you  find  the  point  O  of 
the  dart  irvifibte  to  an  eye  placed  in  cither  4>f 
the  fituations  A,  B,  C,  D.  E,  F,  G. 

If  .you  ctmceive  fome  of  thefe  rays  to  be  in- 
tercepted by  a  plane,  then  is  the  lumin(His  point 
the  fummit  of  a  pyramid,  the  txxly  of  which  is 
formed 
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-  f<Htned  by  the  rays  proceeding  thereft^llt  die  bafe 
is  chc  intercepting  plane. 

The,  image  of  the  furface  of  «n  obje<ft  on  the 
firreen,  is  ilfo  the.^fcof  a  pyramid  of  light,  the 
fummit'  of  which  is  the  hoJe.  The  rays  which 
form  this  pyramid  crofs«t  the  hole,  and  there  form 
another  pyramid,  of  which  the  hole  is  again  the 
Itimmit,  bnt  the  furface  of  the  obje<^  is  The  bafe. 
,  jin  oiJeS  is  vijible,  beeauje  sit  it's  points  are 
radiant  points.  Rays  of  light  are  inccflantly  propa- 
gated from  every  phyfical  point  of  an  objei5t,  other- 
wife  the  whole  objedt  would  not  be  vifiblc;  and 
that  all  at  once,  and  to  all  pofl'tions  of  the  eye. 

-For  whcrcfocver  a  fpicdator  is  placed  with 
Tefpe<ft  to  a  luminous  body,  every  point  of  chatpan 
«f  the  furface  which  is  torned  cowards  him,  is  viii- 
ble :  each  point  is,  therefore  a  radiant  point,  emit-  > ' 
ting  rays  in  all  dircdtions ;  and  chofe  rays  only  ar«  ' 
ftoppcd  ia  their  pafiagc  by  an  interpofcd  objet^t, 
which  would  be  intercepted  upon  the  fuppofition 
that  the  .rays  move  in  right  lines. 

Another  inference  which  you  will  make,  is 
this,  that  tbs  particles  of  light  an  indtfinitelj 
/vrdlx  for  the  rays  which  proceed  from  the  point! 
of  aJl  the  objects  opposite  to  the  hole,  pafe  through 
it,  without  confounding  or  embarafling  each  other. 
Exquifitcly  minute  they  imift  be,  when  myriads  can 
nwve  all  manner  of -ways  without  impinging  one 
snother;  and  that  ch^  it  the  cafe,  you  cannot  doubt,  ' 
iincc  different  bodies,  and  different  parts  of  the 

'  iame  body,  are  diftin<^ly  vifible  at  the  fame  time. 
How  curious  muft  be  the  texture  of  the  eye  to  be 
fenfible  of  thefe  fnrall  impiilfes,  and  to  diftinguilh 
at  the  fame  tim^  thofe  from  ditftrent  objeds ! 

If  ynu  make  a  hele  with  a  pin  in  a  piece  of 

paper,  and  look  thraogh  it,,  you  fee  all  the  objetftft 

ihat  arc  before  you,  be  they  ever  fo  inanyi  now 

iince  thcfe  objects,  and  each  point  of  thcfe  objects 
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ijetortie  vifible  by  menng'pf  tbr-niya  of  light  cflml 
ing  from  thence  to  the  ob'yetl,  ycu  may  form  fora« 
idea  of  their  extrepie  mimirene&.  If  a  common  tal- 
low c^ndle-be  ljght<id>  and  fet  hy  night  oaa  high 
tower,  it  may  be  feen  all  round  at  the  dtflancc  of 
half  a  mile  from  the  tower:  wherefore  there  is  n« 
place  within  a  fphere  of  »  reile  diameter  iir  which 
the  eye  can  be  pUced,  where  if  will  not  receive 
fome  rayg  fr«m  tbis  imati  flame,  Rays  of  light 
will  pafs  without,  coikfulion  thi<augh  a  fmall  puuc. 
ture  in.  a  piece  of  papu,  irom  fevcrol  candles  ia 
a  line  parallel  to  the  paper,  ani.fonrx  diftim;* ' 
images  on  a  (beet  of  pafteboard  placed  behind  the 
paper. 

Every  ray  of  light  carries  with  it  the  image  of 
the  point  from  which  it  was  emitted.* 

If  ther<e£lore  all  the  rays-  coming  from-  ar^ 
point  are  united  in  the  fanie  onler.in  which  they 
proceeded,  or  were  emitted,  thore.wiU  be.a  perfet^ 
reprefentation  or  im^c  of  thai:  ohyeit,  at  the  pUcc 
where  they  are  thus  orderly  united. 

Another  property  in  the  rays  of  light  is  their 
RXFLEKifiiLiTY,  or  difpoiition  of  being  turned  back 
into  the  medium  from  whence  they  came;  andiji 
this  they  obferve  the  fame  mechanical  laws  with 
other  bodies  in  their  reHexions,  ■  that  is,  the  angle 
4if  rffiexion  ii  always  e<jual  to  the  angle  of  incidence^ 
The  truth  of  this  poliiion  may  be  confirmed  by 
5fianye»periinent3j  one  or  two  wil^  be  fufticient; 
Let  us  return  to  our  dark  room,  and  I  Ihail,  by- 
meaflsof  amirror  without,  let  a  beam  of  fbJar  lighr 
pafs.  through  the  hole  upon  this  part  of  the  floor  t 
vhcre  the  beam  falls  I. put  a  looking  gUfs;  I  now 
fill  the  room  with  duA  to  reader  the  beam  of  iighc 
inofc  viiible.  and  you  fee  that.it  is  retle^ed  b;u:lc 
jfltft  (ha  air;  and  that  the  iaclination  of  the  re-. 

tkded 
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He&ed  beam  is  emAIy  the  fame  as  that  of  the  irf' 
cidenc  beam.  This  law  may  be  confirmed  by  an- 
other eafy  experiment,  which  I  will  fliewyou  in  the 
next  nMnn.  Here  is  a  graduated  femicircle,  at  the 
c*ht«r  of  which  is  a  ftnali  piece  of  looktng-glafs^ 
1  place  a  fmall  objeft  on  the  graduated  edge  of  the 
femicircle,  and  on  the  oppofite  quadrant  thereof. 
and  exadly  at  the  fame  angle,  I  place  the  light. 
Now  if  either  of  you  look  through  the  fight,  yOti 
Wiii  fee  the  objeift  t  but  if  you  remove  the  fi^C- 
piecc  »  little  higher  or  lower,  you  will  not  per- 
'  ccive  the  objc^. 
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There  is  another  property  of  light,  which  19 
it's  rtfran^itiUty,  or  difjjoficion  to  be  refraSedf  or 
turned  out  of  it's  ftrait  courfcj  in  pafTmg  oitiquelj 
out  of  one  medium  into  aTwthcr  of  different  dcnfity; 

This  refraBion  is  greater  or  left,  that  is,  the 
rays  are  more  or  Ie(a  bent  and  turntd  aiide  from 
their  path,  as  the  medium  through  which  they  pafs 
is  more  or  lefs  denfe.  .JThus,  for  inftance,  the  rays 
are  more  refraAed  in  pafTing  from  air  into  glafs, 
than  from  air  inco  water;  and  glafs  is  you  know 
m\ich  more  denfe  than  water;  the  denferthe  me- 
dium, the  more  the  rays  are  bent,  and  approach  a 
perpendicular  let  fall  upon  it's  furface.  I  would 
be  undeHlood  always  to  fpcakof  the  lays  which 
lall  oblique!)'  upon  thefe  mediums ;  for  ,thofe  rays 
irhich  ful  perpendicularly  do  not  fuflfer  any  devia- 
tion, the  refraHinn  only  tahing  place  when  the  rays 
fall  oitiquely,  and  is  fo  much  greater  as  their  in- 
cidence is  more  oblique,  and  the  medium  more 
denfe.  After  having  taken  the  new  direi5tion,  the 
jay  again  proceeds  invariably  in  a  flrait  line,  till  it- 
meets  with  a  different  medium^  when  it  is  again 
turned  out  of  it's  courfe. 

Take 

......  .,Coo;jlc 


Natvrb  aho  Paope^tii*  or  t4CH.r.      ijy 

Take  an  empty  bafbn«  «nd  at  the  diameter  of  , 

the  bottom  fix  marks  at  a  fmall  diftance  from  each ' 
other :  then  take  it  into  the  dark  room,  and  let  iaa 
ray  of  light:  and  where  this  falls  qpon  |he  floor, 
place  your  bafon,  fo  that  it's  marked  diameter  may 
point  towards  die  window,  and  fo  that  the  beam 
may  fall  on  the  mark  moft  difUnt  from  the  win- 
dpw.  This  done,  fill  the  bafon  wjth  water,  and 
you  will  obferve  that  the  beam  which  before  fell 
upon  the  moll  diftant  mark,  will  now  by  the  re- 
fractive power  pf  the  water  he  turned  otK  of  it's 
ftrait  couife,  and  will  fall  two  or  three,  cir  more 
marki  nearer  the  center  of  the  bafon. 

Make  the  water  in  the  bafon  muddy,  btit  not 
fo  much  fo  as  to  deAroy  it's  tranfparency,  which 
you  may  eafily  do,  by  dropping  therein  a  few  drops 
of  milk,  or  dilTolving  in  tt  Tome  grains  of  faccha- 
nim  faturni }  then  611  the  room  with  duft,  and  the 
beam  of^light  will  be  very  viUble,  both  in  it's 
pafTige  torough  the  air  and  the  water,  and  you  will 
obferve  very  diftinAly  three  beams,  chat  of  inci- 
dtttte,  which  in  coming  through  the  hole,  falls  ob> 
liquefy  on  the  water ;  that  of  refitKton  from  the 
furface  of  the  water,  making  the  angle  of  reflexion 
equal  to  that  of  incidence  ;  and  that  of  refraSion, 
which  from  the  furface  where  it  was  bent,  moves 
on  in  a  ftrait  line  to  the  bottom  of  the  bafon.  Ail 
things  remaining  the  fame,  place  a  fmall  piece  of 
lookmg-gf^snt  the  bottom  of  the  bafon,  where  the 
refra£iedht\m  falls,  and  it  will  thereby  be  refleAed 
back  again  through  the  water,  and  in  pafling  out 
of  the  water  into  the  air  will  be  again  refraAed  or 
turned  out  of  it's  courfe. 

Another,  though  vtty  common  experiment, 
will  give  you  a  clear  idea  of  the  power  of  refraction  ; 
.  place  a  piece  of  money  at  the  bottom  of  this  bafon, 
and  walk  back  therefrom  till  you  canno;  fee  the 
piece  of  money;  let  feme  water  be  poured  into  th^ 
-  .   ;  bafon,, 
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hafon  ;  and  as  before  you  could  not  fee  the  piece 
of  money  vbere  it  ivas,  you  will  now  fee  it  where 
it  is  not.  It  is  not  your  eye  that  has  changed  place, 
but  the  ray  of  light  has  taken  i  new  direction  in 
pafling  from  the  w  ater  into  the  eye;  and  ftrikes  yout 
eye  as  if  it  came  from  the  piece  of  money.  This 
experiment  fcldom  fails  to  furprife  thofe,  who  are 

■  unacquainted  with  the  properties  of  light ;  as  they 
do  not  comprehend  how  the  filling  the  vefiel  with 
WEiter  can  make  them  fee  an  obJccT:  placed  at  the 
bottom,  and  which  was  not  viable  to  them  be- 
fore, being  concealed  by  the  edge  of  the  veflel. 

.The  advantages  we  derive  from  the  refraction 
of  light  are  ineftimable :  without  this  property  we 
Ihould  have  figured  glafles  in  vain,  and  telefcopcs 
and  microfcopes  would  not  ha-ve  exifted.  The  re- 
fradiion  of  light  at  the  fiirfaces  of  tranfparent  bo- 
dies was  taken  notice  of  by  the  ancients.  Arijlollir 
has  a  problem  concerning  the  apparent  curvity  of 
an  oar  in  water.  And  Archimedes  is  faid  to  have 
written  on  the  appearance  of  a  riiig  or  circle  un- 

*der  water.  A/haztn  the  A  rabian,  and  Vitellio^ 
thought  that  the  angles  of  incidence  and  refraction 
were'in  a  given  ratio;  but  the  proportion  they  laid 
down  being  found  erroneous  in  largp  angles,  the 
fubjetft  was  examined  more  ftrictly  hy  the  moderns. 
Kepler  among  tht  reft  made  fcvcral  experiments 

■concerning  it,  and  though  he  mlficd  his  aim,  hla 
attempts  and  conjectures  were  ufcful  to  others. 
After  the  invention  of  the  telcfcope,  this  fubjeCt 
being  thought  more  valuable  than  before,  was  fa:r- 
ther  purfued;  and'  Snellius  found  out  the  truth: 
but  Defcartes  was  the  firftwho  publilhed,  that  the 

Jines  of  incidence  and  refraSlion  (and  not  their  an- 
,■  gles)  are -in  a  given  ratio. 

In  explaining  this  fubjcCt,  as  well  as  in  othci" 
parts  of  optics,  i  mult  have  recourfe  to  diagrams. 
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as  the  theory  wiH  require  all  your  attention ;  but 
you  will  not,  I  hope,  permit  the  thorns  and  briars 
'which  interrupt  the  path  of  fcicnce,  to  prevent 
your  proceeding  therein  ;  for  whatever  is  good  can 
mily  be  obtained  by  iahitn  and  fcience,  like  virtue, 
difdains  the^o?A/«/  and  the  negligent. 

Let  B  C,  pi.  I,  fig.  2,  reprefcnt  the  furface  of 
water,  or  any  other  trahfparent  medium  denfer  than 
air.  Let  A  be  the  point  of  incidence,  in  which  any 
ray  coming  through  the  air  from  F,  falls  upon  the 
furface  of  the  water,  where  it  is  rcfrafted  from  it's 
Itrait  courfe  A  K  in  the  line  A  G.  About  A  as  a 
center  with  the  radius  A  F  defcribe  the  circle 
BFCKEj  at  the  point  of  incidence  A,  eicCt  a 
perpendicular  A  D,  and  produce  it  downward  to 
E;  from  F  upon  the  line  A  D,  let  fall  the  perpen- 
dicular F  H,  and  from  G  upon  A  E,  let  fall  the 
perpendicular  G  I. 

The  angle  FAD,  which  the  incident  ray  FA 
makes  with  the  perpendicular  DA,  is  the  angle  of 
incidence.  The  line  F  H  is  the  fine  of  the  angle  of 
incidence  FAD,  4 

The  angle  GAE,  which  the  refracted  ray 
G  A  makes  with  the  perpendicular  AE,  is  the  an- 
gle of  refraSion.  The  line  G I  is  the  Jine  of  the 
angle  of  refraction. 

The  angle  K  A  G  contained  between  the  line 
of  direction  of  an  incident  ray,  and  the  direction 
of  the  fame  ray  after  it  is  refracled,  is  the  angle  of 
deviation. 

Thefe  things  being  underftood,  I  may  now 
mention  to  you  the  laws  of  refra&ion,  which  have 
by  repeated  experiments  been  found  to  be  gmeral 
and  withouc  an>  exception. 

1 .  7be  angles  of  refraEtion  and  incidence  lie  in 

9ne  and  the  fame  plane,  that  is,  in  the  plane  drawn 

through  the  incident  ray,  and  the  perpendicular  at 

the  point  of  incidence. 
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a.  The  rays  of  light  are  always  refraSedwbea 
they  fajs  OiLioj/zLv  from  one  medium  into  anotbef^ 
•wboje  denjity  is  different  from  that  of  the  firjl. 

3.  A  ray  of  light  falling  obliquely  upon  the  fur- 
face  of  a  denfer  medium  is  refraEied  towards  the 
perpendicular,  that  is,  fo  that  the  angle  of  refrac- 
tion be  Icfs  than  the  angle  of  incidence  :  on  the 
contrary,  the  refraSion  out  of  a  denfer  medium  into 
a  rarer,  as  out  ofglafs  into  air  or  water,  is  made  from 
the  perpendicular,  fo  that  the  angle  of  refradion  be 
greater  than  the  angle  of  incidejice. 

4.  When  a  ray  of  light  is  refraded  out  of  air 
ilitO'  a  given  medium,  or  out  of  a  given  medium 
into  air,  the^we  of  the  angle  of  incidence  is  to  the 
fine  of  the  angle  of  the  refrailion  in  a  given  ratio  i 
in  other  words,  there  is  a  certain  and  immutable 
law  or  rule  by  which  refraction  is  always  performed ; 
and  that  is  this  :  whatever  inclination  a  ray  of  light 
has  to  the  furface  of  any  medium  before  it  enters, 
the  degree  of  refraiflion  will  always  be  fuch,  that 
the  proportion  between  the  fine  of  the  angle  of  it's 
incidence,  and  that  of  the  angle  of  it's  refrai^ion, 
will  always  be  the  fame  in  that  medium. 

Hence  if  that  proportion  be  known  in  ai^ 
OIK  inclination  of  the  incident  ray,  it  is  known  in 
all  inclinations,  and  thereby  the  refradion  in  al^ 
cafes  of  incidence  on  the  fame  refrading  ray  may 
be  determined. 

When  a  ray  of  light  is  refradcd  out  of  air 
iiito  glafs,  the  fine  of  incidence  is  to  the  fine  of, 
rcframon  as  3 1  is  to  30,  or  as  3  to  2  nearly ;  or  out 
of  ;|ir  into  water,  as  4^0  3.  Hence  the  fine  of  in- 
cidence is  to  the  fine  of  rcfraflion,  when  a  ray 
pafTes  out  of  water  into  glafs,  as  h}o  It,  or  as  93, 
to  tjo. 

.5.  A  ray  of  light  car.jtot  pafs  out  of  a  denfer  me-^ 

dium  into  a  rarer,  if  the  angle  of  incidence  exceeds 

a  certain-. 
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a  certain  limif  I*  that  is,  when  the  fine  of  inci- 
dence has  a  greater  proportion  to  radius,  than 
it  hu  to  the  fine  of  refraAfon. 

A  ray  of  light  will  not  pafa  out  of  glafs  into 
•Ir,  if  tht  artgle  of  incidence  exceeds  40"  1 1',  the 
fine  of  which  is  4t  parts  of  the  radius ;  or  out  of 
gl^  into  water,  if  the  angle  of  incidence  exceeds 
about  59"  20'.  Refraction  will  be  changed  into  re- 
flexion. 

In  general,  the  denfeft  mediums  rcfift  the  aftion 
of  light  lefs  than  thofe  that  are  more  rare,  the  angle 
of  refraction  being  fmaller  than  that  of  incidence: 
and  on  the  other  haridj  the  rarcft  mediums  feem  to 
i*efift  it  lefs  :  and  it  has  been  laid  down  as  a  law, 
that  an  bodies  have  their  refradlive  powers  propor- 
tional to  their  denfities,  excepting  fo  far  as  they 
partake  more  or  lefs  of  fulphureous  oily  particles. 
Mr.  Brifibn  has  ftiewn,  in  the  memoirs  of  the  aca- 
demy of  fciences  for  1777,  that  the  refrad:ivef 
power  of  fnfiammable  bodies  compared  together 
does  not  follow  the  ratio  of  their  denfities. 

6.  All  refraction  is  reciprocal.  If  a  ray  of  light 
is  refracted  in  pafling  out  of  one  medium  into  an- 
other; then,  if  that  ray  was  to  return  back  again, 
it  would  be  refradled  juft  as  much  the  contrary 
way :  or  if  the  rcfrailcd  ray  become  the  incident 
ray,  then  the  incident  ray  will  become  the  refnufied 
one. 

When  the  angle  of  incidence  is  incrcafed,  the 
eorrefponding  angle  of  ftfraclion  will  alfo  be  inv 
leafed.  If  two  angles  of  incidence  be  equal  to 
«ftch  other,  the  angles  of  refradton  will  be  alfo 
c^ual.  In  the  fame  manner,  if  the  one  be  dimi- 
nifiied,  the  other  alfo  will  be  diminilhed;  fo  ttut  if 
•    *  Ma  one 

*  Thefe  Uwi,  Ac,  are  dtfmonftrated  upon  the  principle,  that 
light  is  an  homogeneal  fubftance;  and  though  liftht  will  appear  tg 
be  compounded  of  fevenl  rays,  yet  (he  principles  of  rcfrafiion, 
Ac.  ave  true  when  applied  lo  rays  of  aft/  one  i»n. 
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one  of  thcfe  angles  becomes  infinitely  fmall;  the 
other  becomes  fo  alfo. 

The  direiiion  of  a  ray  is  not  changed,  if  it  moves 
through  a  medium  terminated  by  two  furf aces  parallel 
tt)  each  other;  for  as  much  as  it  is  turned  towardi 
any  fide  at  it's  entrance,  fo  much  is  it  exa>flly  turned 
the  other  way  as  it  goes  out  of  the  faid  medium. 

While  a  ray  moves  in  the  fame  unifonn  me- 
dium, it  does  not  change  it's  diredlion. 

Of  tub  Force  and  Intensity  of  Light. 

In  a  fee  medium  the  force  and  inlenfity  of  li^bt 
propagated  in  parallel  rays  is  al-wmys  the  fame.        ' 

For  in  fuch  a  medium  there  is  nothing  to  im- 
pede it's  progrefs,  hinder  it's  a&io'n,  retard  it's 
velocity,  or  change  it's  direAton. 

In  a  free  medium  the  fhrce  and  intenfity  <f  th( 
light,  which  is  propagated  by  rays  proceeding  from 
the  fame  point,  are  in  an  inverfe  ratio  of  tbefanares 
of  the  difiances  from  this  point.  This  ismanifeftfroin 
the  principles  of  geometry,  and  I  IhaH  foonrcnd«r 
it  evident  to  you  by  experiment. 

It  fcarce,  however,  wants  any  experimental 
proof;  for  lightradiatingfromacenter,  it's  intcn- 
Hty  mull  decrcafe,  as  all  rays  do  that  proceed  friHn 
a  center;  i.  e.  m*ift  necelTarily  become  thinner  and 
thinner,  continually  fpreading  thcmfelvcs,  as  they 
pafs  along,  Into  a  largt;r  fpace,  and  that  in  p>opor- 
non  to  the  fquarcs  ot  their  diftances  from  the  body  ; 
that  is,  at  the  diftancc  of  two  fpaces,  they  arc  four 
times  thinner,  or  lefs  intctife,  than  they  are  u  one, 
and  fo  on,  bccaufe  they  fpread  themfelves  in  a  two- 
fold manner,  upwards  and  downwards,and  iidcwm. 

If  the  light  which  flows  from  a  point,  panes 
through  a  fquare  hole,  as  b  c  d  e,  fig.  3,  pL  1,  Oc  re- 
ceived upon  a  plane  B  C  D  E  placed  parallel  to  the 
plane  of  the  hole;  and  the  diftancc  A  B  be  double 
of  A  b  i  then  the  length  and  breadth  of  the  lliadow 
3  BD 
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B  D  will  each  be  double  the  length  and  breadth  of 
the  plane  b  d,  and  treble  when  A B  is  treble  of  A b, 
and  fo  on ;  as  you  may  eafily  prove  by  the  light  of  a 
candle  placed  at  A- 

Hence  luminous  bodies,  or  thofe  that  fhine 
with  their  own  light,  are  vaftly  brighter  than  opake 
bodies  illuminaicd  by  them ;  for  opake  bodies 
difperfe  the  light  falling  upon  them  in  all  manner 
of  ways  :  whence  fuppofing  all  the  Hght  to  be  re- 
fleded,  the  quantity  received  by  the  eye  from  the 
opake  body,  compared  with  that  received  from 
the  luminous  body,  is  only  as  the  vilible  illuminated 
furface  of  the  opake  body  to  ihe  furface  of  ah 
hemifphere,  whofc  radius  is  the  dlftance  of  the 
opake  body  from  the  eye ;  fuppofing  the  breadth 
of  the  pupil  to  be  the  fame  in  both  cafes,  and 
that  the  fum  of  the  diftances  of  the  opake  body 
from  the  eye,  and  from  the  luminous  body,  differs 
infcnfibiy  from  the  dircft  diftancc  of  the  luminous 
body  from  the  eye.' 

Hence  the  Hght  of  the  full  moon  at  a  me- 
dium is  about  300,000  times  fainter,  or  rarer, 
than  the  fun's  light,  when  at  the  fame  height  above 
the  horizon,  all  other  circumftances  being  the 
fame,  as  will  appear  by  comparing  the  moon's  ap, 
parent  diflt  to  the  furface  of  a  hemifphere.  Whence 
It  is  cafy  to  conceive,  that  fince  we  can  bear  the 
fun's  heat,  we  cannot  be  fenfible  of  any  from  the 
moon. 

"  Though  accurate  methods  may  be  ufed  for 
invcftigating  the  intenfity  of  the  moon's  light,  they 
are  too  abftrufe  for  our  Lcfturcs.  But  the  follow-' 
ing  confideration  is  level  to  every  capacity :  when 
the  moon  is  vilible  in  the  day-time,  it's  light  is  fo 
Jicarly  equal  to  that  of  the  lighter  thin  clouds,  that 
it  is  with  ditFiculry  diftinguilhed  amongfl-  them.  , 
It's  tight  continues  the  fame  during  the  night;  but 
the  abfcncc  of  the  fun  permitting  the  aperture  of 
M  3  the 
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the  pupil  of  the  eye  to  dilate  icfelf,  it  becomes 
more  confpicuous." 

"  It  follows  therefore,  that  if  every  part  of 
the  iky  were  equally  luminous  with  the  moon's  dilk, 
the  light  would  be  the  fame  as  if  in  the  day-time  it 
were  covered  with  the  above-mentioned  thin  cloud. 
This  day-light  is  confequently  in  proportion  to  that 
of  the  moon,  as  the  whole  furface  of  the  vifible 
hemifphere  is  to  the  fur^tce  of  the  moon,  that  is. 
nearly  as  90,000  to  l."* 

We  do  not  know  any  medium  that  Kfree,  or 
perfeSily  tran/parent ;  even  the  air,  the"  moft  rare 
and  tranfparent  we  are  acquainted  with,  is  full  of 
opake  particles  that  impede  the  light ;  this  is  ma- 
nifed  from  the  phenomenon  of  a  beam  of  light  let 
in  through  a  fmall  hole  in  a  room,  which  beam  is 
vifible  like  a  luminous  cone  from  every  part  of  the 
room.  This  ftiews,  tb^t  the  whole  light  oocs  not  go 
forward  in  it's  redilinear  courfe,  but  that  at  every 
point  of  the  medium  through  which  itpaffeth,  fome 
part  of  it  is  reflciflcd  every  way;  for  the  vifibility 
of  the  luminous  cone  is  caufed  by  this  refIc(^ion. 
The  greater  faintneji  of  the  fun  and  the  moon,  when 
near  the  horizon,  than  when  elevated  higher  up, 
fliews  alfo  that  their  light  is  more  obArudted,  the 
tratl  of  air  and  vapours  being  longer  in  one  cafe 
than  tl)e  other.  The  lofs  of  light  in  pafltng 
through  glafs  is  ftill  greater. 

The  furface  alfo  of  bodies  both  tranfparent 
and  opake,  being  for  the  moft  pare  uneven,  it  nc- 
ceirarily  follows,  that  abundance  of  light  is  dilH- 
patcd  even  by  bodies  the  moft  tranfparent,  fome 
being  refledcd,  fome  refracted  towards  dtffarent 
parts  by  their  uneven  furfaces,  whilft  other  parts 
arc  refrided  and  rcfle(fted  with  fome  uniformity. ' 
This  accounts  for  a  perfon  feeing  through  water, 

and 

«  NicholTon't  InlroduQion  to  Nalural  Philorophy,  vol,  i,  p.  166, 
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an&  Kis  image  being  reflefted  by  it  at  the  fame  time; 
and  (hews  why,  in  the  dufkj  the  furniture  in  a  room 
may  be  feen  by  the  refieftion  of  a  window  glafs, 
whilft  objcias  that  are  without  are  feen  through  it. 

The  quantity  of  light  contained  in  any  pencil 
is  continually  diminifhed,  the  greater  the  diftance 
from  the  radiant  j  and  this  diminution  is  greater 
or  Icfs,  according  to  the  greater  or  Icfs  decree  of 
opacity  in  the  medium  through  which  it  pafles. 

This  makes  it  impoHible  to  aflign  exadly  the 
different  proportions  of  the  denfiiy  of  light,  at 
different  diftances  from  the  radiant;  but  in  all 
cafes,  the  decreafe  of  the  denfity  of  light  is  greatet  - 
than  Ehe  fquaree  of  the  faid  diftances.  And  this  ifi 
the  rcafon  why  objeds  appear  lefs  bright,  the  farther  ' 
they  are  from  the  fpedator. 

If  none  of  the  rays  were  ffopt  in  their  paflagtf^ 
the  degree  of  brighsnefs  of  the  pidure  of  an  ob- 
je£t  upon  the  retina,  would  be  the  fame  at  all 
diftances  between  the  eye  and  the  objedt,  fuppoling 
the  aperture  of  the  pupil  of  the  eye  to  remain  the 
fame.  For  in  that  cafe  the  magnitude  of  the  pic* 
ture  upon  the  retina,  and  the  denfity  of  light,  would 
increafe  or  decreafe  together  in  the  fame  propor- 
tion, viz.  reciprocally  as  the  fquarc  of  the  diftances 
of  the  eye  from  the  objeft;  and  therefore  the  den- 
fity of  theiighl  upon  the  retina  would  be  invari- 
able at  all  diftances.  ,  For  example-,  when  the  eye 
approaches  as  near  again  to  the  objefl,  the  piifturc 
upon  the  retina  becomes  quadruple ;  and  the  quan- 
tity of  light  received  from  the  objed  through  the 
fame  aperture  of  the  pupil  at  half  the  diftance  ii. 
alfo  quadruple;  and  this  being  equally  fpread  over 
four  times  the  furface  of  the  rciina,  the  light  is  juft 
as  denfe  as  before,  when  the  object  was  at  twice  tht 
diftance. 

Luminous  bodies  ftiining  in  the  dark,  as  a 

iamp  or  torch,  &c.   emit  to  very  great  diftances 

much  more  light  than  in  that  cafe  is  necclVary  for 

M  4  vifion: 
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viHon:  and  though  their  light  fulfcrs  a  contiAuI 
■  diminution  by  the  heterogeneity  of  the  medium, 
the  farther  it  goes;  yet  there  being  ftiU  more  left  , 
than  is  ncceflary  for  vifion,  their  fplendor  ia  not 
fenfibly  increafed  or  diminilhed,  by  leflemng  or  in- 
crcafing  their  distances. 

l,ight  is  not  only  diverted  out  of  it's  courfebjf 
rcflciftion  from  the  bodies  it  meets  with,  but  a  great 
part  of  it  is  alfo  frequently  fuifocatcdj  or  as  it  were 
dcftroycd  by  them  ;  for  it  is  manifeft,  that  blacker 
dark  bodies  reflcd  much  lefs  light  than  others  of 
lighter  colours;  and  it  is  probable  that  no  bodies 
rcfleil  all  they  receive. 

The  power  of  the  eye  to  difccrn  objeiSs  with- 
out inconvenience  by  different  quantities  of  light 
is  very  cxtenfive ;  for  not  only  objeds  of  different 
colours  placed  in  the  fame  light  are  feen  witli  equal 
cafe,  but  even  objeifls  fo  fmall  as  the  letters  of  a 
book  may  be  diftinguifhcd  and  read  by  a  clear 
moon-light.  -Now  admitting  the  furface  of  the 
eye's  pupil  to  be  ten  times  greater  in  a  weak  than 
in  a  flrong  liglitj  yet  the  proportion  of  thp  wcakcft 
light  to  the  ffrongeff,  by  which  the  eye  can  conve- 
niently fee  objcAs,  perhaps  does  not  exceed  that  of 
I  to  10,000.     How  exquifite  are  our  faculties! 

Experience  (hews,  that  objeiils  appear  fo  much  ■ 
more  obfcurc  as  they  are  more  diftant,  and  at  laft 
ccafc  to  be  vifible:  this  obfcurity  arifes  from  the 
paflage  of  the  rays  of  light  through  the  air,  a  me- 
dium denfe  and  foul  enough  to  obftrudt  them  in  a 
very  great  degree,  and  diftipatc  a  prodigious  quan- 
tity in  the  interval  between  the  eye  and  the  objedl. 
The  experiments  and  calculation  of  M.  Bouguer 
flicw,  that  looth  part  of  the  light  is  lofl  at  1 89  fa- 
thoms of  horizontal  diftance  j  that  7469  fathoms,  or 
about  3  i  leagues,  diffipates  one  third  of  the  light ; 
'and  that  they  ceafe  at  laft  to  be  vifible,  becaufc 
the  imai^cs  by  their  diminution  in  fize  and  light 

are 
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are  in.capdLble  of  nuking  a  fufficient  imprefiion  on 

the  eye. 

By  a  calculation  founded  on  experiment, 
M.  Bouguer  has  fliewn,  that  of  10,000  rays,  that 
proceeding  from  a  ftar  would  reach  our  eye,  if  i< 
were  not  for  their  pafiing  through  the  aimofphcrc, 
there  reach  it  no  more  than  are  fet  down  in  this 
following  tabic: 


Dcfreci 

Alliiude. 

Numb<I         Dcgncf 

of           of  .pp«l.. 

ttayt.         Allilude. 

of 

of 

0 

a 
3 

S 

47 

191 

454 

8 

9 
10 
11 

2423 
2797 

3 '49 

3472 

30 
35 
40 

5° 

6613 
6963 

7237 
7624 

4 

1 

7 

S02 

1201 

1616 
2031 

12 

"5 
so 

2! 

3773 
455" 
5474 
6136 

60 

70 
80 

r 

7866 

3oi6 
8098 
8123 

Mr.  Bouguer  has  alfo  fliewn  by  experiment, 
1.  That  the  light  of  the  fun  is  about  300,000  times 
Aronger  than  the  H^t  of  the  full  moon^  when  at 
it's  mean  diftance  from  the  earth. 

2.  That  the  light  of  the  fun  is  not  fenfible 
when  it  is  diminifhed  1000,000.000,000  times,  and 
of  courfe  that  a  body  is  truly  opake  when  it  per- 
mits only  1000,000,000,000  part  of  the  fun's  light 
to  pafs  through  it. 

Op  Images  and  Foci. 


On  account  of  the  extreme  minutcncfe  pf  the 
atoms  of  light  it  is  clear,  that  a  fingle  ray,  or  evea 
a  fmall  number  of  rays,  cannot  make  a  fenfible  im- 
preffion  on  the  organ  of  fight,  of  which  the  fibres 
are  very  coarfe  when  compared  to  the  rays  of  light. 
A  great 
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A  great  number  of  rays  of  light  proceeding  from  the 
fame  point  or  portion  of  the  furface  of  the  body  are 
neceuary  to  render  this  portion  vifible.  But  as  the 
rays  of  light  proceeding  from  the  fame  point  are 
wider  from  each  other  the  farther  they  extend,  it 
has  been  neceflary  for  particular  purpofes  either 
tabling  them  near  and  unite  them  together  in  a 
point,  or  to  feparate  them  from  each  other. 

We  are  able  by  the  adiftance  of  glalTes  to 
unite,  in  one  fenfible  ■point,  a  great  number  of 
rays  proceeding  from  the  fame  point  of  an  objed ; 
the  rays  thus  united  In  a  point  form  an  image  of 
that  point  of  the  objcdt  from  which  they  proceed ; 
this  image  is  brigbler  in  proportion  as  there  arc 
more  rays  unitedj  and  more  dijlinlf  in  proportion 
as  the  order  in  which  thdy  ^procead,  ii  better 
preferved  in  their  union.  On  placing  a  poliftied 
and  white  plane  at  the  place  of  their  union,  you 
will  fee  this  image  painted  in  all  it's  proper  co- 
lours, if  no  adventitious  light  is  permitted  to 
diAurb  or  render  it  confufed. 

Thepoint  of  unionof  the  rays  of  light  formed 
by  means  of  a  glafs  lent,  or  a  mirror,  is  called  the 
focus  of  this  glafs  or  mirror.  If  this  union  is  real> 
the  fociJS  is  called  a  real  focus,  or  limply  _/of«j :  it 
is  the  piacewhere  the  image  of  the  objed:  is  formed, 
end  proceeds  to  form  another  image  in  the  eye,  as 
if  it  were  the  real  objeift.  If  this  point  of  union 
is  nothing  more  than  a  point,  to  which  the  rays  iii 
the  new  dire(5tion  which  has  been  given  to  them 
tendi  but  are  not  a^ually  united,  this  point  is 
-  called  an  imaginary  focus.  It  is  alfo  tlie  place 
where  the  objeSi  appears  really  to  be^  when  feveral 
of  the  rays  which  have  been  difpcrfed,  enter  in 
fuffieicnt  quantity  into  the  eye  to  fprm  a  fenfible  , 
image  of  the  objccl:.  For  an  objeft  always  appears 
to  be  in  that  place  from  whence  it's  light  feenu  to 
Cpme  to  our  eye. 

Sincq  every  wy  carries  with  it  the  itmge  tf 
.4.  ..     the   ■ 
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the  obje<5t  from  whence  it  proceeds,  it  follows,  that 

if  ibe  rays,  after  having  croffed  each  otbert  and  bav^ 
ing  formed  an  image  al  their  interfeStion,  are  agaim 
united  after  either  refe£iion  or  refraifion,  they  wiU 
form  a  new  image j  and  fo  on  for  ever,  as  long  at 
their  order  is  not  confounded.  We  may  thus  form 
images  of  the  fame  obied:,  as  often  as  we  can  unite 
the  proceeding  rays  without  confounding  them.  - 

//  follows,  that  fo  long  as  the  progrefs  only  of 
ibe  rays  of  light  are  attended  to,  the  image  may  he  con- 
fidered  as  the  okjeB,  and  the  objeQ  as  the  image  .•  and 
iven  afecond  image,  as  if  the  firft  bad  been  the  ori*  ■ 
ginal  ohjeS,  i^c. 

The  mys  of  light  may  be  differently  difpofed 
relatively  to  each  other,  and  may  be  confidered  as 
parallel,  diverging,  or  converging. 

The  rays  are  parallel  when  they  always  ke^ 
at  the  fame  difiance  from  each  other. 

Thofe  rays  which,  in  proceeding  from  a  point, 
continually  recede  from  each  other,  are  called  di~ 
verging  rays. 

Thofe  raysare  named  converging,  which,  pro- 
ceeding from  various  parts,  approach  nearer  to 
each  other  in  their  pcogrefs,  having  a  tendency  to 
unite  in  one  point. 

When  two  mediums  touch  each  other,  their 
furfaces  muft  be  either  plane,  or  convex,  or  concavei 
and  the  rays  which  acting  together  pafs  through 
thefe  mediums,  may  be  confidered  either  as  paraUet, 
converging,  or  diverging.  We  will  examine  together 
the  cffedls  arifing  from  thefe  different  circum^ 
.  fiances.  In  fpeaking  of  convex  or  concave  fur-> 
fac.'s,  I  ihall. only  conlider  thofe  that  are  ipheri- 
cally  fuch. 

Op  Refraction  at  a  Plane  Surface. 

Cafe  I.  H^ben  inddeni  parallel  rays  pafs  oh* 
iiquely  from  a  rare  into  a  dttfe  medium  terminated 
hy  a  plane  furf ace. 

To 
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To  perform  the  experiments  for  this  and  ma- 
ny other  parts  of  optics,  I  ufe  that  part  of  the  folar 
microfcope  that  carries  the  mirror,  fixing  it,  as  in 
the  prefcnt  inftanc,  to  a  window  Ihutter;  on  dark- 
ening the  room,  I  cm  throw  the  folar  rays  into  the 
room,  a!.'i  ppfs  thi m  r'^fnr^h  the  tube  belonging 
to  the  fTi!' i\>f^opi- i  i  tan  n.iidcr  them  parjllcl, 
convergfnt,  or  divergent,  according  to  the  lens 
1  adapt  -hcroto. 

The  lens  now  in  the  tube  makes  the  pencil 
proceeding  therefrom  cylindrical; -this  pencil,  by- 
turning  the  mirror,  falls  obliquely  on  the  fides  of 
this  box,  (tig.  5,  p!.  i,)  whole  fides  are  of  glafs; 
each  end  has  a  circular  aperture  for  occafionally 
rcceivihga  watch  glafs,whi;h  may  be  placed  either 
with  the  convex  or  concave  fide  outwards  ;  the  box 
■is  made  water-tight,  and  is  fiirnilhed  with  a  cock 
for  more  eafily  emptying  it  of  water. 

The  ray  of  light  (at  A,  fig.  6,  pi.  I,)  entering 
the  box  filled  with  water,  is  refrafted  to  B,  and 
forms  there  u5>on  this  card,  placed  againft  the  fide 
of  the  box,  a  luminous  circle,  exadlly  the  fame  fize 
as  that  whichentcredthebox  (at  A):  on  removing 
the  card,  and  letting  the  ray  of  light  proceed  in  the 
air,  you  fee  that  it  goes  on  in  a  direction  exad:!y 
parallel  to  the  incident  ray,  being  of  the  fame 
fize  through  it's  whole  length. 

The  two  pencils  of  light  E  A,  E  A,  after  being 
by  refradtion  bent  nearer  the  perpendicular*  p  p, 
pp,  move  on  parallel  to  each  other;  and  on  being 
again  refraifled,  and  feparating  from  the  perpendi- 
culars sp,  sp,  you  will  find  by  meafuring  the 
dr^nce  between  them  that  they  ftill  retain  their 
parallel  ifm. 

From  hence  it  follows,  that  incident  parallel 
rays  pafiing  obliquely  frnm  air  into  a  mafs  of  water 
terminated  by  a  plane  furfacc,  prefcrve  their  paral- 
telifm  in  entering  and  going  out  of  the  water.  The 
fame  is  true  of  other  mediums  which  dificr  in-den-: 
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fity,  but  have  only^  moderate  thicknefs,  as  in  our 
prcfcnt  experiment. 

This  may  be  further  illuftrated  by  a  diagram/ 
fig.  4,  pi.  I .  Let  A  B  C  D  be  a  folid  piece  of  gltrflt 
with  two  parallel  furfaces  A  fi,  C  D,  and  let  the  in- 
cident ray  E  F  be  refratited  into  F  G;  then  wiH  F  G 
be  refratted  by  the  fecond  furface  into  G  H  parallel 
to  E  F,  or  in  the  fame  dire<ftion  as  E  F,  becaufe  the 
angle  at  F  is  equal  to  the  angle  of  incidence  at  G; 
and  therefore  the  angle  of  incidence  at  F  will  be 
equal  to  the  angle  of  rcfrat^lion  at  G. 

Cafe  a.  IVben  converging  incident  rays  pa/s 
from  a  rare  into  a  denje  medium^  andfrom  this  again 
into  the  fame  rare  medium.  ■       ■■ 

For  this  experiment,  I  put  into  the  tube  »- 
lens,  fomewhat  more  convex  than  that  we  ufed 
t>efore;  fo  that  the  pencil  of  light  that  ifliies  from 
the  tube  is  now  in  the  form  of  a  long  cone,  whofe 
bafe  is  the  leas. 

I  fill  the  box  with  water,  and  prefent  ic-  to- 
wards the  light,  fo  that  the  fide  A  B,  fig.  j,  plate 
I,  may  be  perpendicuUr  to  the  axis  of  the  cone; 
and  in  fucb  manner  that  the  point  or  extremity  of 
the  cone  may  reach  the  further  fide  B  C  of  the 
fcor. 

I  empty  the  box  of  it's  water,  and  the  cmm 
of  li^t  becomes  fenlibly  Ihorter,  terminating  as  at 
E,  by  bringing  the  box  nearer  the  window,  io 
z)fat  the  point  of  the  cone  may  pafii  beyisnd  th; 
farther  fide,  the  cone  is  no  longer  of  ^  rcKuIar 
ihape,  but  as  it  appears  at  FG,  iuid  the -point  ts- 
rcmoved  fomewhat  further  diftant. 

This  experiment  (hews^  thu  the  ran  of  light 
do  not  converge  fo  £boa  when  they  pafa  from  a  n» 
medium  into  one  more  denfe ;  and  thaty  ok  the 
co^itrary,  they  converge  fooner  than  they  woul)^ 
otlttTwife  do,  when  they  pals  from  a  deiife  into  a 
rare  medium.  In  other  words,  when  converging* 
n/s  go  from  a  rare  into  a  denfe  medium,  they  be- 
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come  lefs  convergent ;  but  their  convergence  is  in- 
crcafed  in  pafTing  from  a  denfe  into  a  rare  medium. 

Thus,  fig.  lit  pi.  I,  the  two  converging  in- 
cident rays  adthc,  which  would  meet  at  e,  are  bent 
towards  the  perpendicular  by  the  rcfrading  furface 
1  H>  and  therefore  proceed  to  £. 

In  the  fame  manner  the  converging  rays  /g» 
fs,  falling  upon  I  H,  are  rcfraded  to  b,  b,  inftead 
of  going  on  and  meeting  at  I :  but  on  the  contrary 
in  proceeding  from  the  refratfting  furface  K  L,  the 
jays  g  *)  g  h,  are  refrafted  from  the  perpendicular^ 
aiid  therefor?  meet  fooner  as  at  K,  than  they  would 
otherwife  have  done :  the  rays  arc  therefore  twice 
bent,  but  in  contrary  diredions,  once  at  h«  h,  once 

Cafe  3.  IVben  incident  diverging'  rays  enter 
into  a  denje  or  rare  medium. 

Every  thing  being  difpofed  as  in  the  laft  ex- 
periment, I  prefent  the  fide  of  the  box  A  D,  fig* 
8,  pi.  I,  when  empty  to  the  coiie  of  light,  (o  that 
it  may  coincide  with  the  point  of  the  cone  G, 
■which  is  where  they  begin  to  diverge,  and  -will  pro* 
ceed  on  at  E  C,  and  form  another  cone  dired:ty  op- 
posed to  the  other,  falling  upon  a  white  fcreenj 
placed  at  about  four  inches  from  the  further  fidtf 
of  the  box.  I  mcafure  this  cone,  and  then  fill  the 
box  with  water;  the  cone  then  becomes  of  an  ir- 
T^ular  Ihape;  the  bafe  on  Che  fcreen  is  fomcwhat 
langer  than  it  was  before,  but  it  is  not  fo  large  ac 
£  C  as  it  was  before. 

From  hence  we  infer,  that  diverging  rays  be- 
come lefs  diverging  in  pafling  from  a  rare  into  z 
4<nfe  medium ;.  and,  on  the  contrary,- that,  their 
diy<%fnce  is  increa£ed  by  paflibg  fFom  aden£r 
into  a  f^v^  medium. 

Let  U3  confidcr  the  diagram,  jig.  iS,  pi.  i, 
Kh«  K  h,  diverging  r^ys  meeting  the  rcfrading* 
iurfaee  LK,  do  aot  proceed  direoly  zoG  G,  bar 
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are  refrained,  and  approach  the  perpendicular,  and 

go  towards  g  and  g,  and  are  thus  Ids  divergent. 

On  the  contrary,  if  they  proceed  from  the 
denfe  medium,  they  are  refraifted,  and  go  towards 
1  and  f,  which  render  them  more  diverging,  being 
twice  bent  at  h  and  g,  and  thus  forming  an  irre- 
gular cone. 

Hence  the  image  of  a  fmall  obie<5t  placed 
under  water,  is  one  fourth  nearer  to  the  lurface  than 
the  obje^.  And  hence  the  bottom  of  a  pond  of 
water  is  \  deeper  than  it  appears  to  a  fpedtatw 
above.  An  objeA  at  £,  ^g.  i8.  pi.  i,  would  ap- 
pear at  e.  This  may  ferve  as  a  ufeful  caution  to 
thofe  «p3ong  you,  who  are  not  fwimmers,  and 
prevent  your  plunging  unwarily  out  of  your  depths* 

If  you  immerfe  a  ftick  perpendicularly  in 
water,  until  the  immerfed  part  appears  of  an  equal 
length  with  the  part  above ;  then  meafure  the 
parts,  and  .they  will  be  found  to  be  to  one  another 
about  as  4  to  3. 

Henctf  alfo  a  fifti  appears  higher  than  it  really, 
is,  and  the  markfman,  in  (hooting  at  it,  mufl  make 
an  allowance  for  this  falfe  appearance,  or  he  will 
mifs  his  objeift. 

If  all  the  parts  of  an  objecfl,  feen  at  fome 
depth  in  the  water,  were  equally  difptaced  oi; 
altered,  the  image  thereof  would  be  exaiftly  Simi- 
lar to  the  obje'^t  it  rcprefents;  for  the  figure  de-. 
pends  on  the  refpe&ive  pofition  of  the  parts,  which 
13  not  changed  by  a  motion  common  to  the  whole. 
But  this  is  not  the  cafe,  if  the  objcd  under  water 
be  of  any  confiderable  fize  1  for  thofe  rays  which 
come  from  the  extremities  that  are  moft  diftant 
from  the  eye,  fall  more  obliquely  on  the  furface. 
of  the  air.  and  are  more  refra<%ed,  and  approach 
too  near  the  refracting  furface  to  preferve  a  total 
conformity  of  the  image  with  it's  object.  Thuf 
an  eye  ac  K,  jig.  18^  pi.  i,  viewing  at  the  boctoia 
(^  the  water  a  ftrait  line,  gcdcg,  not  only  fees 
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the  whole  line  nearer  to  the  eye  than  it  really  is, 
but  the  extremities  gg  appear  nearer  than  the 
other  parts  J  e ;  thus  it  appears  curved  with  the 
part  towards  the  eye.  Thus  a.  ftrait  leaden  pipe 
appears  at  the  bottom  of  the  water  to  be  curved, 
and  the  bottom  of  a  Hat  bafon  deeper  in  the  mid- 
dle than  at  the  fides. 

Very  thick  denfe  mediums  make  objefts  ap- 

Ear  lai^er  than  they  really  are;  thus  a  fifh  appears 
ger  in  the  water  than  when  taken  out,  as  do 
plants,  (tones,  &c.  To  comprehend  this,  fuppoffc 
for  a  moment,  that  g,  g,fig.  i8,  pi-  J,  are  the  ex- 
tremities of  an  object  fecn  at  the  bottom  of  the 
water,  by  the  ■  rays  gb,  gh.  An-  eye  placed  in  K 
judges  of  the  fize  of  the  objetS  by  the  angle  G  K 
G,  larger  than  that  <)f  g  K  g ;  and  the  fame  hap- 
pens with  refpcct  to-  every  part  of  the  object 
viewed  through  a  denfcr  medium  than  air. 

Hence  it  is,  that  objedls  in  a  different  me- 
dium from  that  where  the  fpetftator  is,  generally 
appear  fomewhat  diftorted. 

Of  Ref ractiok  at  a  Convex  Surface. 

T.  IVbcn  parallel  rdyi  pafs  out  of  a  rarer  into  a 
itnjer  mediuyn,   "jjbrife  Jurface  is  convex. 

Before  we  proceed  to  make  any  experiments, 
or  reafon  upon  them,  I  muft  obfcrve  to  you,  that 
lines  drawn  from  the  f^ff/^r  of  a  fphericaJ  furfacc 
are  always  confidered,  by  mathematicians,  as  per~ 
pendicuiaTs  to  that  furfacc,  and  the  angles  they 
make  with  the  angles  of  incidence  are  the  angles 
of  inclination.  So  that  as  light  pa^ng  into  a 
denfer  medium,  is  fo  rcfra<5ted  as  to  approach  the 
perpendicular,  or  line  drawn  from  the  center  of 
the  fpherical  furfacc  to  the  point  of  incidcnccj  fo  ■ 
in  going  from  a  denfe  into  a  rare  medium,  the  rays 
feparate  from  the  lame  furfacc. 

I  place 
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I  place  the  glafs  box  fo  that  the  pencil  of 
light  falls  dirertly  on  the  convex  glafs  at  the  end, 
and  you  fee  that  ^  foon  as  I  pour  water  into  jhe 
box,  the  rays  converge,  and  meet  in  a  point ; 
d  that  parallel  rays,  in  this  cafe,  are  rendered 
convergent ;  a  circumAance  that  naturally  arifcs. 
from  the  laws  of  refradion,  fee  ^g.  9,  pi,  1  ■  for 
the  parallel  rays  hi,/ g,  fig.  tQ,pl.  1,  fUling  ob- 
liquely oh  the  convex  refraifling  furface,  g,  E,  j, " 
are  bent  towards  the  perpendiculars  ic,  or  g  e, 
(thofe  lines  being  the  perpendiculars  to  the  points 
of  the  convex  furface,  on  which  the  two  given 
rays  fall),  and  tend  to  unite  at  the  axis  AB.  You- 
will  alfo  rake  notice,  that  thofe  rays  which  are 
furtheft  from  the  axis  unite  at  points  neareft  the 
rcfrading  furface;  thus  the  ray  i>/ falls  upon  the 
axis  at  k-,  but  the  ray  d  e  does  not  meet  it,  till  it 
arrives  at  D;  hence  all  thofe  which  are  not  too 
diftant  from  the  axis,  may  be  confidcred  as  unit- 
it^  in  one  point. 

2.  fFben  csnverging  rays,  puffing  out  of  a  rare 
medium,  fall  upon  the  furface  of  a  denfer  medium 
with  a  convex  furface. 

I  bring  the  box  as  before  with  the  convex  " 
glafs  towards  the  ray  of  light  j  but  in  fuch  man- 
ner, that  the  converging  point  of  the  pencil  ftiall 
fall  cxaiSly  on  the  center  A,  [jig.  10, pi.  i,J  of  con- 
vexity. I  pour  water  into  the  box,  and  you  find 
that  there  is  no  change  in  the  fituation  of  this 
point,  becaufe  there  is  no  obliquity  of  incidence. 

Let  us  now  cry  the  effeA  with  two  other 
cones  of  light;  one  tcrininalingat  t,fig.  ii,pl. 
I,  nearer  the  convex  furface  than  it's  center;  the 
other  being  beyond  the  center  of  convexity  at  c, 
fg.  12,  pi.  I  :  mark  exa(fHy  the  place  where  the 
fione  terminates  in  each  of  thefc  cafes,  when  there 
is  no  water  in  the  box,  and  then  fill  it  with  water, 
'  and  obferve  the  difference  in  each  cafe.  You  will 
Vol.  II.  N  find 
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find  the  firft  cone,  jig.  i  r,  (where  the  rays  tended 
to  unite  at  h,  before  they  reached  the  center  of 
convexity)  lengthened,  and  the  point  thereof  ter- 
minating at  a  greater  diftance  B;  but  the  c<Hie,  fig. 
12,  (where  the  rays  tend  to  unite  at  a  point  c,  be- 
yond the  center  of  the  convex  furface)  is  Ihonened. 
terminating  at  C. 

Thefe  experiments  having  made  you  mafters 
of  the  fad,  I  Ihall  now  conlider  the  three  cafes 
in  a  diagram.  It  is  evident,  that  if  converging 
rays  fall  upon  a  convex  furface,  they  either  tend 
to  unite  at  the  center  of  the  convexity ;  or  2d!y, 
their  point  of  union  wiU  be  nearer  the  refra<5ling 
furface  than  that  center  ;  or  jdly,  it  will  be  beyond 
that  center. 

In  the  lirll  cafe,  the  rays  do  not  deviate:  thus 
the  rays,  ef,  d  h,  fig,  20,  pi.  1,  convci^  at  c, 
juft  as  they  would  have  done  without  the  interpo- 
iicion  of  the  refraiSing  fubftance,  becaufe  they  do. 
not  poffefs  the  property  neccflary  for  refradlion, 
namely,  obliquity  of  incidence.  For  the  rays  e/^ 
d  b,  tending  to  c  the  center  of  the  furface,  may  ' 
be  confidered  as  radii  prolonged,  and  confequently 
as  perpendicular  to  the  convex  furface. , 

In  the  fecond  cafe,  where  the  rays  tend  to 
unite  nearer  the  furface  than  the  center  of  con- 
vexity, they  become  lefs  converging  j  for  the  ray, 
'  i^ifig'  30,  pi.  t ,  which  tends  to  k,  is  bent  by  the  re- 
fra«^mg  furface,  nearer  the  perpendicular  dc,  and 
is 'thus  removed  further  from  the  furface,  and  joins 
the  axis  at  o. 

In  the  third  cafe,  where  the  rays  tend  to 
imitc  beyond  the  center  of  convexity,  they  become 
more  converging  :  thus  the  ray,  gb,fig.  20^  pi.  i, 
tending  to  /,  further  from  the  convex  furface  b  b 
ft  thane,  by  approaching  the  perpendicular  dc^ 
is  brought  nearer  the  center,  and  joins  the  axis  at 
fy  where  it  would  be  met  by  another  ray,  falling 
u^n  the  furface  with  the  fiune  degree  of  obh- 
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tjuity,  but  froln  the  other  fide  of  the  axis.  This  U 
the  more  common  of,  the  three  cafes. 

3.  IVben  diverging  rays,  faffing  out  of  a  rare 
medium,  fall  upon  a  denfe  one  with  a  eowvex  fur- 
face. 

To  ftiew  what  happens  with  thefe  rays,  we 
have  only,  as  before,  to  place  the  box  fo  that  the 
diverging  rays  may  fall  upon  the  convex  furface, 
and  to  receive  the  light  upon  a  plane  furface  in 
the  box,  and  to  mark  the  (ize  of  the  luminous 
circle  formed  thereon,  before  we  pour  any  water 
into  the  box.  This  being  done,  I  ihall  now  fill 
our  box  with  water,  and  you  will  perceive,  that 
the  luminous  circle  is  confiderably  fmaller  than 
it  waa  before,  fig.  13,  pi.  i.  If  you  remove  the 
box  further  from  the  point,  from  which  the  di- 
verging rays  proceed,  the  bafe  of  the  luminout 
cone  will  ftill  grow  fmaller.  and  at  laft  become 
cylindrical ;  and  if  you  go  on  removing  it  flill 
further,  they  will   converge  in  a  point. 

From  thefe  experiments  we  draw  the  following 
conclufion.  That  diverging  rays,  in  pafling  from  a 
rare  medium  into  a  dcnfer  with  a  convex  furface, 
become  lefs  divergent,  which  may  be  carried  fo  far* 
that  they  may  become  parallel,  and  even  convei- 
gent. 

The  diverging  rays  a  *,  a  f,  figi  21,  pi.  r* 
meeting  with  the  refrading  furface  m'^/,  do  not 
proceed  in  ftrait  lines  to  /and  e,  but  arc  refraft- 
ed  towards  the  perpendiculars  e  C,  e  Q,  which 
gives  them  the  dired:ions  m^, /6,  much  tefs  di- 
vergent. 

If  the  rays  that  fall  on  the  refracting  furface, 
w&  dm,  ilt  are  lefs  di^ citing  than  the  preceding, 
they  will  be  refraifled  fo  as  to  converge  it  B. 

Let  ua  now  fuppofe  /be  rays  of  light  pqffing 
from  a  denfer  medium  into  a  rare  one,  the  denfe  me* 
dium  heiag  tetminated  by  a  convex  furface  on  tbefidt 
of  the  rare  medium. 
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Paraltel  rays  are  thereby  made  to  converge: 
thus  the  parallel  rays  de,  g  t.  Jig.  1 2,  pi.  2,  felting 
on  the  retracing  furface,  e  i,  inftead  of  proceeding 
to  fb,  are  bent  further  from  the  perpendiculars 
#  C,  ^  C,  fo  as  Co  converge  at  it. 

Conveiging  rays  become  more  converging : 
thus  the  rays  le,  n't,  which  would,  without  re- 
fradhon,  go  on  towards  m  and  0,  are  fo  rcfradted  as 
to  unite  at  p. 

If  the  ra-ys  are  diverging,  the  point  from 
which  they  diveige  is,  ift,  either  c,  the  center  of 
convexity  e,  D,  /j  or  idly,  a  point  r,  between  the 
center  and  the  convex  furfacc;  or  3dly,  a  point 
q  beyond  that  center. 

In  the  firft  cafe,  the  rays  C  a,  Ch,  are  not  re- 
fraded,  becaufe  being  radii  they  fall  perpendicular 
to  the  convex  furfacc. 

In  thefecond  cafe,  where  the  rays  re,  r't  pro- 
ceed from  r,  they  do  not  go  on  toward  s  and  /,  but 
are  refraded  further  from  the  perpendiculars  a  C, 
h  C,  and  go  on  towards  x  and  y,  diverging  more 
than  before. 

In  the  third  cafe,  the  diverging  rays  qt,  qi, 
become  lefs  diverging,  and  inftead  of  proceeding 
towards  z  and  z,  they  get  clofer  together  towards 
g  and  b,  being  refraded  further  from  the  perpen- 
diculars a  C,  bC,  and  may  be  rendered  parallel,  or 
even  convergent,  according  to  the  greater  or  lefs 
degree  of  divergence,  when  they  arrive  at  the 
furface  e  D  /. 

Of  Refraction  at  a  Concave  Surface. 

I .  IVben  parallel  rayt  of  light  pa/s  from  a  rare 
medium  into  a  denfe  ant,  with  a  emcave  furface. 

One  end  of  the  box,  jf^.  5,  pi.  i,  is  fumilhed 

with  a  giafs  with  the  concave  furfice  outwards ;  this 

is  noTW  CO  be  prcfenccd  towards  the  cones  of  light. 

■■'"'■  la 
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In  the  prefent  inftance,  let  parallel  rays  fall  on  the 
concave  furfacc.  Having  obferved  the  iize  of  thie 
luminous  circle  formed  by  them  within  the  box^ 
fill  the  box  with  water,  and  you  will  find  that  the 
pencil  of  light  is  enlaiged,  and  the  luminous  cir- 
cle is  much  increafed.     See_^^.  14,  pi.  i. 

That  parallel  rays  neceffarily  in  this  inftance 
become  diverging  ones,  may  he  alfo  rendered 
clear  by  a  diagram.  For  the  parallel  rays  a  b  and 
^'i  fig'  I.  pl-  2.  falling  upon  the  concave  re- 
'  fra(5):ing  fuiface  e,  b,  ^,  are  by  refnu^ion  made  t6 
^)prDach  the  perpendicuIaryC,  g  C,  which  renders 
them  diverging. 

2.  fyben  convergtHg' rays  pa/s /rem  a  rare  me- 
dium into  a  denje  one,  terminated  with  a  concave  fur- 
face. 

-We  proceed  as  in  the  foregoing  experi- 
ment, obierving  where  the  converging  rays  ter- 
minate, before  and  after  water  is  poured  into 
the  box,  and  that  with  different  degrees  of  con- 
vei^ency. 

You  fee,  however  great  the  convergency  of  the 
rays  may  be>  that  as  foon  as  the  water  is  put  into 
the  box,  the  cone  is  fenfibly  lengthened,  fig.  15, 
pi.  1.  With  a  lefs  dqzree  of  convergence  they 
are  fenfibly  feparated  from  each  other;  fo  that 
by  altering  the  degree  of  convergency  we  render 
themeither  parallel  or  diverging.  To  view  this  in  a 
diagram,  you  may  confider  the  rays  ab,de,  fig.  3, 
pi.  2,  tending  to  convei^  at  O ;  thefe  are  by  rc- 
iratftion  ma.ae  to  approach  the  perpendiculars  fC 
and  g  C,  and  thus  do  not  unite  till  they  come  to  /. 

3.  l4''beH  diverging  rays  pafs  from  a  rare  medium 
into  a  denfe  «»?,  terminated  by  a  concave  furface. 

Every  thing  being  difpofed  as  in  the  laft  ex- 
periment, remove  the  box  fo  that  the  point  where 
■the  rays  meet,  or  crofs,  and  begin  to  diverge,  may  ' 
fail  upon  the  center  of  the  concave  glals;  receive 
N  3  ■    the 
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the  bafe  of  this  cone  on  a  plane  placed  at  about 
feven  or  eight  inches  from  the  glais,  meafure  the 
diameter,  and  fill  the  box  with  water. 

Repeat  the  experiment  with  the  concave  glafs 
nearer  C,  jig.  i6,  pi.  j,  and  afterwards  further 
from  it. 

J  In  the  firft  cafe,  the  fize  of  the  circle  is  not 
enlarged,  nor  the  cone  of  light  altered.  In  the  fc- 
cond,  the  bafe  of  the  cone  is  fmaller  in  the  water 
than  it  was  in  the  air.  In  the  third,  it  is  fomewhat 
enlarged.     See  Jig.  i6  and  17,  pi.  r. 

In  the  firft  cafe,  the  rays  undergo  no  altera- 
tion, becaufe  they  have  no  obliquity  of  incidence, 
for  Ci  and  Ce,  jig.  4,  pL  2,  arc  radii  of  the  con- 
cavity, and  continue  their  rout  to  /  and  g,  as  they 
would  have  done  without  the  intcrpofition  of  a  rc- 
fratiting  medium. 

In  the  fecond,  they  become  lefs  divergent,  for 
the  two  diverging  rays  kl>  and  he,  inftead  of  going 
tp  d  and  h,  proceed  to  a  and  e,  the  refradion 
making  them  approach  the  perpwndiculars  /C, 
gC. 

In  the  third  cafe,  which  is  the  mod  general, 
the  rays  become  more  diverging;  for  /iand/ir, 
which  tend  towards  m  and  n,  are  turned  out  of  their 
'>vay  towards  i  and  0,  by  approaching  the  perpen* 
diculars/C  and  ^C,  and  thereby  become  more  di- 
verging than  they  were  before. 

Let  us  now  fuppofe  that  the  rays  of  light  pafs 
from  a  denfe  medium  into  a  rare  one,  and  that  the 
^enfe  medium  is  terminated  on  the  emergent  fi4e 
by  a  concave  furface. 

The  parallel  rays  become  divergent,  for  the 
parallel  rays  de,  e_  i,  jig.  22,  pi.  i,  in  emerging  from 
the  concave  furface  eDi,  do  not  continue  their 
fout  in  ftrait  Hnes  towards/and  b,  but  are  carried 
fowards  }^  and  p,  by  feparating  from  the  perpendi- 
(itilaFs  Ca,  Qi,  which  renders  them  divergent. 

If 
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If  the  rays  are  convei^ing,  they  may  be  divided 
into  three  cafes,  i.  When  the  point  of  conver- 
gency  tends  precifely  to  the  center  C,  of  the  con- 
cavity eDi;  in  this  the  rays  ae,  bit  do  not  fuffer 
any  refradtion ;  becaufe  being  the  continuation  of 
the  radii  C  *■,  C'  i,  of  the  concavity  e  D  i,  there  is  no 
point  of  oblique  incidence. 

2.  When  the  rays  qe^  r  i,  tend  to  converge  to 
the  point  «,  nearer  the  concave  furface  f  D  (  than 
it's  center  C,  by  feparating  from  the  perpendicu- 
lars Ce,C  i,  they  unite  at  o,  and  are  thus  rendered 
more  converging. 

3.  When  they  tend  to  a  point  /,  which  is  fur- 
ther from  the  concave  furface  than  the  center  of 
curvature,  they  are  rendered  lefs  convergent.  For 
the  rays//,  /  /,  which  tend  naturally  to  converge  co 
the  point  /,  by  feparating  from  the  perpendiculars 
C/,  Cc,  unite  ink,  further  off  than  they  would 
have  done  without  refrai^ion,  if  they  were  only  a 
little  converging ;  on  arriving  at  the  concave  fur- 
face /  D  (.  the  refradlion  may  render  them  parallel 
or  di  veiling. 

The  diverging  rays  E  ^,  £  /,  diverging  from 
the  point  £,  which  without  the  change  from  the 
medium  would  go  on  towards  «  and  x,  but  by  the 
refraction  feparating  from  the  perpendiculars  C  e 
a,  they  arc  turned  towards  y  and  z,  diverging 
more  than  before. 

Or  Glass  Lenses. 

By  a  lens  opticians  mean  a  tranfparent  body  of 
a  different  denftty  from  the  furrounding  medium, 
and  terminated  by  two  furfaces,  either  both  fphe- 
rical.  or  one  plane  and  the  other  fphericat.  And 
as  the  tenfes  for  optical  ufes  are  generally  made  of 
glaft,  it  is  ufual  to  call  them  glqffes,  with  the  addi- 
tion of  the  ufe  they  are  intended  for  j  »s  a  magni- 
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fying  glafs,  a  fpeUacle  gh/s,  an  objeSt  or  eye  gla/s 
of  a  telefcopf,  &c. 

Glafs  was  probably  the  invention  of  fome 
itianufafturcr,  having  nothing  elfe  in  view  but 
raiHng  a  fortune  by  his  new  manufachire :  but  from 
hence  we  arc  fupplied  with  telcfcopes,  micro- 
fcopes,  and  prifms,  -which  let  us  into  fecrets  of 
nature  unfufpedcd  before,  open  to  us  the  immca- 
furable  grandeur  of  the  univerfe,  and  bring  us  ac- 
quainted with  animals  to  whom  a  fpoonful  of  vi- 
negar ferves  for  a  habitable  world ;  thereby  railing 
our  idea  of  the  Author  of  nature,  by  difplaying  the 
magnificence  and  wonders  of  his  works.  From 
hence  likewife  has  proceeded  gradually  a  more 
«xa£t  knowledge  of  the  laws  of  attra^ion,  the  ve-' 
locity  of  light,  the  exiftence  of  ether,  and  the  ei- 
trente  rarity  of  bodies.  Thus  the  unlearned  are 
often  made  to  lend  a  helping  hand  to  the  contem- 
plative in  the  profecution  ot  his  fcience  j  and  the 
man  of  this-  world  inftrumentat  in  opening  a  lai^r 
iield  to  our  theology.  Inventions  are  often  termed 
accidentalfAZiA  fo  indeed  they  are  with  refpcd:  to  uS} 
but  accidents  arife  from  certain  caufes  which  pro- 
duce them,  when  it  is  proper  they  ftiould  be  mani- 
fefted,  and  are  therefore  to  be  referred  to  the  dif~ 
pofer  of  all  events. 

A  lens  having  one  fide  plane  and  the  other 
convex,  is  called  a  plano-convex  j  where  one  fide  fa 
plane  and  the  other  concave,  it  is  a  plano-concave. 
A  lens  terminated  by  two  convex  fides,  is  called  a 
double  convex  ,•  a  double  concave,  if  terminated  by 
two  concave  fides.  A  lens  having  one  fide  con- 
cave, the  other  convex,  is  called  a  concavo-convex 
lens.     See  pg.  9,  pi.  2. 

From  thele  definitions  you  will  readily  con- 
ceive, that  there  may  be  an  infinite  variety  in  the 
degrees  of  convexity  and  concavity  ;  for  a  convex 
furtace  may  be  confidered  as  forming  part  of  a 
3  fpherci 
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fphere;  and  as  the  radius  or  diameter  of  this  fphere 
1$  greater  or  lefs,  the  convexity  will  be  ditFercnt. 

Hence  when  I  fay  that  the  radius  of  the  con- 
Tcx  furface  of  a  glafs  is  three  inches,  I  mean  that 
it  is  the  portion  of  a  fphere  whofe  radiu*  is  three 
inches.  To  render  this  fubjcd:  clrarer,  here  are  a 
variety  of  Icnfes  of  different  convexities ;  from  thefe 
you  fee,  that  the  fmaller  the  radius  is,  the  more 
riie  furface  is  curved,  or  the  greater  is  it's  deviation 
from  a  (trait  line.  On  the  contrary,  the  longer 
die  radius  the  more  it  approaches  to  a  plane ;  fo 
that  a  plane  furface  may  be  confidered  as  a  convex 
Airface  of  an  infinite  radius. 

To  explain  the  effed  produced  in  the  appear- 
ance of  objeds,  by  convex  and  concave  lenfeSf 
we  muft  diftinguifti  two  cafes  :  i.  Where  the 
obJe&  is  at  a  confiderable  difhince  from  the 
lens.  2.  Where  the  objed  is  near  the  lens.  Be- 
fore, however,  I  enter  upon  this  explanation,  it  will 
be  neceflary  to  define  what  is  meant  by  the  axis 
of  a  lens.  A  ftrait  line  drawn  perpendicular  to 
both  the  £des  of  any  lens  is  called  the  axis  there- 
of ;•  the  axis  therefore  palTes  through  the  center 
of  the  fpherical  fides ;  and  as  we  reprcfent  the  two 
furfaces  by  arches  of  a  circle,  you  have  only  to 
draw  a  line  through  their  refpeCtive  centers,  and 
it  will  reprefent  the  axis  of  the  lens.  Thus  the 
center  of^  the  anch  A  E  B,  fig.  23,  p/.  2,  is  aj;  C, 
that  of  A  F  B  at  D,  and  the  line  C  D  is  the  axis  of 
this  lens ;  it  is  eafy  to  fee  that  the  axis  palTes 
through  the  middle,  and  that  no  lens  excepting  a 
fphere  can  have  more  thanone  axis,  bccaufe  no  other 
line  can  pafs  through  the  two  centers  C,  D;  and 
therefore  all  pencils  are  confidered  as  oblique,  ex- 
cepting thofc  whofe  foci  are  in  the  axis  of  the  Ien». 

As 

•  If  one  of  the  furfaces  be  plane,  the  txis  of  the  lens  falli 
eerpendicutar  upon  the  plane  furlace,  and  procecdt  througli  (he 
(¥OVr  of  ihe  fpherical  one. 
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As  the  axis  Is  perpendicular  to  the  two  Tur- 
faces,  it  is  plain  from  the  nature  of  rcfraiftion, 
that  a  ray  of  light  palTing  in  this  direiftion  is  not 
refr^dedj  but  goes  on  in  the  fame  direction  in 
■which  it  enterea. 

No  ray  that  pa^es  through  the  center  o. 
jig.  ^3,  pi.  1,  of  a  lens  is  rcfra&ed ;  for  the  two 
taqgcQts  at  E  and  F  are  parallel,  and  the  eifeA  is 
therefore  the  fame  as  if  the  ray  pafled  through  a 
piece  of  glafs  whofe  fides  are  parallel. 

I  (hall  now  proceed  to  confider  the  nature  of 
double  convex  lenfes.  It  is  the  property  of  thefe 
to  make  parallel  rays  converge  to  a  focus;  to  in- 
creafe  the  convergence  of  converging  rays;  to 
diminifh  the  divergence  of  diverging  rays,  and  that 
fo  much  under  certain  circumftances  as  to  render 
them  parallel  or  convergent. 

Let  us  confider  A  B,  fig.  24,  p/.  i ,  as  a  con- 
vex lens,  whofe  axis  is  the  line  OEFPj  and  let 
us  fupppfe  that  on  this  axis,  and  at  a  great  diftance 
from  the  glafs.  rhere  is  a  luminous  point  or  objeft 
O  dift'ufing  it's  rays  in  all  directions ;  fome  of 
thefe.  as  OM,  OE,  and  ON,  will  fall  upon  the 
glafs,  the  middle  one  OE  will  not  be  refraded, 
but  pafs  on  in  the  direftion  E  F  P.  The  two  other 
rays  vill  be  refraifted  and  bent  both  at  entering 
tnd  going  out,  fo  as  to  meet  at  J  fomewhere  on  the 
axis,  and  then  go  on  in  the  direftion  J  Q  and  J  R: 
the  other  rays  between  M  and  N,  will  be  fo  re- 
fra<^ed  as  to  unite  on  the  axis  at  the  fame  point  J. 
Thus  the  rays  OM  and  ON,  and  thofe  between 
them,  which  without  the  interpofition  of  the  glafs 
would  have  followed  iheir  refpedive  redilJnear  di- 
rctilions,  arc  fo  bent  thereby  as  to  follow  other  di- 
reclions,  and  proceed  as  if  they  came  fropi  the 
point  J  :  and  an  eye  placed  at  P  would  be  affe^'^ed 
in  the  fame  manner  as  if  the  luminous  point  was 
at  X  i  the  giafs  A  B  forming  an  objeifl  at  J,  exadtly 
ireprcfenting 
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reprefenting  the  obje<ft  at  O.  Thus  a  conliderable 
change  is  produced .  by  the  tens  ;  a  difbint  objeft, 
as  O,  is  as  it  were  tranfplanted  and  brought  fuddenly 
to  J.. 

Let  us  now  confider  the  cfFeft  produced  on 
the  rays  of  light,  when  the  objed  is  very  diftant 
from  the  lens.  Injif.  13,?/.  2,  MN  reprcfents 
a  convex  lens,  O  A  B  T  S  the  axis  of  the  lens,  O  P 
a  diftant  objeA  fituated  on  the  axis;  ev'ery  point  of 
this  objcA  difitifes  rays  in  all  dirediions;  of  thcfe 
we  are  only  concerned  with  thofe  that  fall  upon 
the  lens ;  and  to  render  the  fubje<5t-  clearer,  I  ihall 
only  confidtr  three  rays  OA,  OM,  ON,  pro- 
ceeding frorn^  the  point  O ;  of  thefe  the  firft  O  A 
palfing  through,  the  middle  of  the  lens,  it's  direc- 
tion is  not  altered,  but  continues  after  it  has  pafled 
through  to  go  on  ih  the  line  B  T  S,  the  axis  of  the 
jlafs.  But  the  oiHcr  two,  O  M,  O  N,  are  fo  re- 
radled  both  at  entering  and  quitting  the  lens,  that 
they  unite  at  T  dn  the  axis,  from  whence  they 
again  proceed  in  the  diredlions  M  T  .Q,  N  T  R,  fo 
that  if  an  eye  were  to  meet  with  them,  they  would 
produce  the  fame  cfFeift  thereon  as  if  the  objeifl  0_ 
-had  been  fituated  at  T.  To  diftinguifh,  however, 
the  true  point  O  from  the  point  T,  the  firft  is 
called  the  ol/Jeff,  the  other  the  im'agt  of  that  obje<a, 
which  image  in  it's  turn  becomes  alfo  an  objeifl. 
When  the  objc<ft  is  at  a  confiderable  diftance,  the 
point  T  is  confidered  as  iht  focus  of  the  glafs.  The 
following  remarks  on  this  point  are  neceflary  to  be 
confidered  with  attention. 

1.  When  the  point  O,  or  the  objefl,  is  at  an 
infinite  diftance,'  the  rays  O  M,  O  A,  O  N,  may  be 
confidered  as  parallel  to  each  other,  and  to  the  axis 
of  the  lens. 

2.  The  focal  point  T,  is  a  point  behind  the 
glafs,  where  parallel  rays  falling  upon  that  glafs 
i^re  united  by  tbp  refraAive  power  of  the  lens. 

"  3-  The 


tSS     Lectures  on  Natural  PiiiLosopiir. 

3.  The  focus  of  a  lens^  and  the  place  where 
the  image  of  an  objci5t  fituated  in  the  axis  of  the 
lens>  but  at  an  infinite  diftance  from  the  lens,  is 
reprcfcnted,  arc  the  fame  thing. 

4.  The  diftance  of  the  point  T  from  the 
leiu  is  termed  the  foca!  diftame. 

5.  Every  convex  lens  has  a  particular  focusj 
in  fome  it  is  greater,  in  others  lefs,  which  is  eafily 
found  by  espofing  the  glafs  to  ihc  fun,  and  obferv- 
ing  where  the  rays  unite. 

6.  Thofe  Icnfcs  which  arc  formed  by  the  arcs 
of  fmall  circles,  have  their  foci  very  clofc  to  them, 
snd  the  focal  point  is  further  off  in  proportion  as 
the  furfacc  or  iidcs  of  the  lens  is  formed  by  arcs  of 
a  longer  radius. 

7.  In  order  to  form  a  proper  idea  of  the  op- 
tical cffe<5l:  of  any  lens,  it  is  necelfary  to  know  it'i 
focal  diftance. 

%.  When  parallel  rays  A  B,  C  D,  p/.  3, /^.  4, 
fall  upon  a  plano-convex  I^ns  D  e  K,  and  pafs 
through  it,  they  will  be  fo  refrafted,  as  to  unite 
at  a  point  F  behind  it ;  this  point  is  called  the 
principal fecui,  and  it's  diftance  Fe  from  the  middle  - 
of  the  giafs  ii'^  focal  diftance,  which  is  equal  to 
fxice  ihe  radius^  or  the  diameter  of  the  fphere's 
convexity. 

9.  When  parallel  rays  A  B,  CD,  jig.  5,  pi.  3, 
fatl  upon  a  glafs  De  B  equally  convex  on  both  fides, - 
and  pafs  through  it,  they  will  be  fo  refrafled  as  to 
unite  in  a  point  or  principal  focus  F,  whofe  diftance 
is  equal  to  the  radius  or  lemidiametcrof  the  f{^erc 
of  the  glafs's  convexity. 

The  rays  all  crofs  .the  middle  ray  rfe  in  the 
focus  F,  and  tlicn  diverge  from  it  to  the  contrary 
fides,  in  tlw  fame  manner  as  they  converged  in 
coming  thereto.     Sec  tfr^  4  and  5,  pi.  3. 

1 1  another  double  convex  lens  h  g,  fig.  5,  pU  3, 
be  placed  in  the  rays  at  the  fame  diftance  from  the 

focus. 
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focus,  they  will  be  fo  refnicled  thereby  u  to  pro- 
ceed from  it  in  a  parallel  direiftion,  as  at  bh,  ge, 
going  on  in  the  fame  manner  as  when  they  fell  upon 
the  nrft  glafs ;  but  on  contrary  lides  of  the  middle 
ray  De  F  f  f,  for  the  ray  A  B  F  will  go  on  in  the 
dir&^ion  F  h  b,  and  the  ray  C  D  F  in  the  directioJa 
Fge,  and  fo  of  the  refl;. 

To  render  the  prt^efs  of  the  rays  from  an 
objetft  through  a  lens,  to  the  image  behind,  more 
evident,  I  have  conftruded  a  model  in  which  the 
rays  are  reprefented  by  iilk  ftrings ;  that  it  may  be 
more  clear,  the  rays  ilfue  on  from  three  points,  and 
only  three  rays  from  each  of  thefe  points. 

In  Jig.  9,  pi.  4,  we  have  a  figure  of  this  model, 
ABC  is  the  objed:  placed  fomewhat  beyond  the 
focus  of  the  convex  lens  d  e  f.  The  rays  Ad,  Ae, 
A/,  flowing  from  the  point  A,  are  refrafled  into  the 
directions  da,  e  a,  fa,  meeting  in  the  point  a.  The 
rays  Bif,  Bi",  By)  proceeding  from  B,  pafs  through 
the  glafs,  and  arc  fo  refracted  as  to  unite  at  b.  In  the 
lame  manner  thofe  that  flow  from  the  point  c,  are 
conveyed  and  meet  zx.  C\  at  each  of  the  points  d,  b, 
c,  an  image  is  formed  of  the  rcfpeiftive  points  A, 
B,  C.  The  fame  takes  place  with  all  the  other  in- 
-  termediate  points,  by  which  means  a  perfect  image 
of  the  objcd  is  formed. 

1  have  already  obferved  to  you,  that  an  objeft 
at  an  infinite  diftance  has  it's  image  formed  at  the 
focus  of  a  convex  lens,  provided  the  objed  be  fitu-, 
ated  on  the  axis  of  the  lens.  I  (ball  now  proceed  , 
to  confidcr  nearer  objecfls,  but  ftill  fituatcd  in  the 
axis  ;  and  you  will  find  the  nearer  the  o.bjeft  ap- 
proaches the  glafs,  the  fuEther  the  image  is  removed 
therefrom. 

Thus  let  us  fuppofe  that  F,  fe.  it, pi.  3,  be 
the  focus  of  the  lens  M  M,  or  place  where  the 
image  of  a  diftant  objeft  is  reprefented.  If  the 
object  be  brought  fucceffively  to  P,  Q,  and  K,  the 

image 
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inagt  will  be  fucccffivcly  removed  further  from 
the  glafs  to  p,  q,  and  r ;  the  diftance  b  r,  &c.  of  the 
im^e  always  correfponding  to  that  of  the  objcd: 
A  P,  &c.  Mathematicians  have  rules  for  calcu- 
lating thefe  diltances,  which  would  lead  us  too  far 
<  into  the  intricacies  of  the  fcience  j  it  will  be  there- 
fore fufficient  to  obferve  in  general,  that  the  more 
we  diminifti  the  diftance  of  an  objeil  from  the 
lens,  the  more  that  of  the  inriage  is  increafed, 
which  will  be  rendered  plainer  by  an  example, 
fuppofe  of  a  lens  of  fix  inch  focus  ;  that  is,  if  the 
obje<ft  is  at  an  infinite  diftance,  the  focus  will  be 
precifely  at  fix  inches;  but  when, the  objetEt  ap- 
proaches the  lens,  the  diftance  of  the  image  will 
increafe,  as  in  the  foUofring  table : 


Difiance  of  the  ohjeU.  i 
Infinite 

Difiance  of  the  image, 
6  inches 

4"! 

ig 

>5 

12 

7 
8 

9 
10 

12 

10 

1 

7 
6 

'5 
[8 

Infinite. 

Although  thefe  numbers  only  agree  with  a 
lens  of  6  inches  fot^^mrM  we  may  deduce  the  fot* 
lowing  confeque;^SH(yCT^)iem : 

1.  If  the  objeift  be  at  an  infinite  diftance,  tht 
image  will  be  at  the  focus. 

2.  If  the  objcia  be  at  double  the  diftance  of 
the  focus  from  the  glafs,  the  image  wiU  alfo  be  at 
double  the  diftance  of  the  focus  from  the  ghUs  t  fhus 
in  the  foregoing  example>  when  the  objcd  was  at 
twice  6  or  12,  the  image  was  alfo  at  1 2  inches, 

3-  When  the  objed  is  at  the  Iame,dift«nce, 

■  -   ^am^ 
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from  the  gUfs  as  the  focus,  the  image  is  removed 
to  an  infinite  diftancc  on  thj:  oppofite  fide. 

4.  In  general  the  difiance  of  the  obje<5]:  and 
the  image  correfpond  reciprocally  to  each  other; 
fo  that  if  the  objedt  be  placed  where  the  image 
was  fituated,  the  image  will  be  found  where .  the 
dbjeA  was  before  placed. 

5.  If  the  lens  AB  colled  in  J>  jff .  24,  ^/.  i, 
the  rays  which  emane  from,  the  point  O,  it  will 
alfo  colle<5t  the  rays  from  the  point  J,  and  confe- 
quencly  the  .  rays  may  be  returned  back  in  the 
diredion  in  which  they  proceeded.  This  article  is 
of  confiderable  importance  towards  a  thorough 
knowledge  of  the  natureof  lenfes ;  thus  for  example, 
when  I  know  that  a  lens  has  rcprefcnted,  at  eight 
inches  from  it>  the  image  of  an  objed  which  is  ac 
24  inches  on  the  oppofite  fide,  I  may  conclude,  that 
if  the  objedt  be  at  eight  inches,  the  image  will  be 
at  24. 

When  the  objeifl  is  fituated  at  the  focal  dif- 
tance  from  the  glafs.  the  image  is  fuddenly  re- 
moved Co  an  infinite  diftance  therefrom. 

You  inquire  cJfme,  what  then  becomes  of  the 
image,  when  the  obje<5l  is  within  the  focal  difi^nce? 
can  it  be  removed  to  a  diftance  greater  than  infi- 
nite? this  is  impoffible.  The  queAlon,  though  not 
eafily  refolvable  by  metaphyfics,  does  not  embarrafs 
a  mathematician  ;  for  he  proves  that  the  image  in 
this  cafe  pafTes  to  the  other  fide  of  the  glafs,  and  is 
foond  of  the  fame  fide  with  the  objc<A. 

In  every  reprefentation  formed  by  lenfes,  there- 
are  two  circumllances  to  attend  to,  one  concerning 
the  place  where  the  image  is  formed,  the  other  the 
Jize  of  the  image.  Having  explained  the  firft, 
I  now  proceed  to  confider  the  fecond.  Let  O  P, 
fig.  I4,  pi.  2,  be  an  objeift  fituated  on  the  axis  of 
the  convex  lens  M  N;  find  firft  the  point  I,  where 
the  rays  proceeding  from  O,  meet  the  axis;  this 
done,  we  have  to  find  where  the  other  point  P  will 
b<  reprcfcated.  ^     ^  Coo'>'K** 
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To  do  this,  confidcr  the  nys  P  M,  PA,  PN, 
which  proceeding  from  P  fall  on  the  lens,  and  you  ■ 
Ice  that  the  dircdtion  of  the  ray  P  A  is  not  altered, 
becaufe  it  falls  upon  the  middle  of  the  glals,  but 
continuos  to  proceed  in  the  line  A  K  S ;  it  will 
therefore  be  fomewherc  in  this  line;  as  at  K,  that 
the  rays  PM,  PN,  will  meet,  and  K  will  be  the 
inuge  of  the  other  end  of  the  objed,  the  point  K 
being  determined  by  the  place  where  a  perpendicu- 
lar toj  O,  from  J,  meets  the  line  P  S,  and  I K  will 
be  the  image  of  the  objeifl.  It  is  evident  from  this, 
that  the  image  is  inverted;  fo  that  if  QR  was  hori- 
zontal, and  the  objefl  O  P  a  man,  in  the  image 
the  feet  would  be  upwards  and  the  head  down- 
wards.    It  is  alfo  clear, 

1.  That  the  image  is  always  fmall  in  propor- 
tion as  it  is  nearer  the  lens,  and  larger  the  further 
it  is  removed  therefrom.  Thus  O  P,  fig.  1 5,  pi.  2, 
being  the  objed,  and  MM  the  lens,  the  image 
will  be  fmaller  if  formed  at  Q,  than  if  it  were 
formed  at  R,  S,  or  T;  that  is,  the  image  is  larger; 
the  further  it  is  from  the  lens. 

2.  There  is  a  cafe  where  the' image  is  precifely 
at  the  fame  diftance  from  the  lens  as  the  objeft, 
which  is  when  the  objeft  is  placed  at  twice  the  fo- 
cal diftance  from  the  lens. 

3.  When  the  image  is  twice  as  far  from  the. 
glafs  as  the  objeifV,  it  becomes  double  the  fize  of 
the  objeClj  and  in  general  the  image  is  fo  many 
times  larger  than  the  objeifi:,  as  it  exceeds  it  in 
diftance  from  the  lens:  now  the  nearer  the  objedt 
is  to  the  glafs,  the  more  the  image  is  removed  from 
it,  and  is  confequently  fo  much  larger. 

4.  On  the  contrary,  fo  much  as  the  image  is 
nearer  to  the  glafs  than  the  objeft,  it  is  fo  many 
times  fmaller  than  the  objedt.  If  then  the  diftance 
of  the  image  from  the  glafs  was  1000  times  lefs 
thaft  that  of  the  objefl,  it  would  alfo  be  1000 
times  fmaller. 
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The  fun,  as  we  all  experiencct  is  the  caufe  of 
"heat  at  the  futface  of  the  earth ;  it's  efFeds  arc 
moft  violent  in  (hofe  regions  where  it's  rays  fall 
with  the  leaft. obliquity,  for  they  arrive  there  with 
greater  force,  and  in  a  greater  quantity.  Winds 
tneet  and  deftroy  cftch  other's  forces,  but  the  rays  of 
the  fun  travel  onward  without  impeding  each  other 
in  their  prc^refs. 

Ail  fubftances  feel  the  influences  of  the  folar 
rays,  not  only  in  proportion  as  they  ftrike  againft 
them  more  or  lefs  diredily,  but  according  alfo  as 
they  are  fitted  for  their  reception.  For  the  rays, 
though  they  continue  ever  to  operate,  are  reftrained 
from  ading  too  fiercely,  by  the  nature  and  difpo- 
lition  of  the  bodies  on  which  they  fall,  and  their 
bwn  equable  diffufion.  To  give  the  rays  greater 
power,  they  muft  be  colleiSted  by  art ;  and  when 
their  aftion  is  concentrated,  they  confume  or 
change  all  bodies  with  inexprclTible  force. 

One  of  the  firft  ufes  to  which  convex  lenfes 
were  applied,  was' that  of  collecting  the  rays  of 
the  fun,  in  order  to  fet  wood  or  other  combuftible 
matter  on  fire. 

The  fun  is  fo  far  off,-  that  we  may  conlider 
every  point  upon  it's  furface  as  at  an  infinite  dif- 
tance,  and  may  therefore  fuppofe  the  rays  emitted 
from  each  point  to  be  parallel  to  each  other;  con- 
feqiiently  all  the  rays, from  the  fun  that  fall  upon 
a  convex  lens,  will  by  pafling, through  theglafs  be 
made  to  converge,  and  unite  in  a  focus  behmd  it. 

The  effe£t  of  the  rays  of  the  fun,  when  the)?- 
are' thus  coUefted,  is  the  reafon  why  the  point 
where  they  are  collcded  is  called  thc/ocK/.-  and 
the  name,  after  it  had  for  this  reafon  been  given  to 
.  Vol.  II.  O  this  , 
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this  point,  has  been  made  ufe  of  as  a  general  orw 
to  ftand  for  any  point,  where  converging  rays  meet, 
or  to  which  they  tend. 

Every  lens,  whether  convex,  or  plano-convex, 
will  colleit  by  refraifljon  the  rays  of  the  fun  dif- 
pcrfcd  over  it's  furfacc  into  a  point,  and  thus  be- 
come a  burning  lens.  To  underftand  this,  let 
MN,  y/^.  iS'P^-  2.  rcprefenr'a  convex  lens,  re- 
ceiving on  it's  furface  the  rays  R,  R,  R,  of  the  fun  v 
thefc  are  refrai^ted  by  the  lens  into  a  fmalt  luminous 
circle,  which  is  the  image  of  the  fun. 

As-  all  the  rays  which  fall  upon  the  lens  are 
united  in  it's  focus,  their  efFed  ought  to  be  fo 
much  more,  as  the  furfacc-of  the  lens  exceeds  that 
of  the  focus.  Thus  if  a  lens  four  inches  broad 
cotleCt  the  fun's  rays  into  a  focus  at  the  diftance  of 
one  foot  or  twelve  inches,  the  image  will  not  be 
more  than  r-ioth  of  an  inch  broad.  The  furface 
of  this  little  circle  is  1600  times  lefs  than  the  fur- 
face of  the  lens,  and  confcquently.the  fun's  light 
muft  be.  fo  many  times  denfer  within  that  circle  ; 
it  is  not  therefore  furprizing  that  it  burns  with  a 
dw;ree  of  ardour  and  violence  exceeding  any  culi- 
nary fire. 

That  the  ancients  made  ufe  of  burning-glaflcs, 
is  evident  from  a  paflage  in  a  play  of  ArijlophaHcs, 
called  the  Clouds,  where  Strepfiades  tells  Socrates, 
that  he  had  found  out  an  excellent  method  to  de- 
feat his  creditors,  if  they  fhould  bring  an  adlion 
againll  him.  His  contrivance  was,  that  he  would 
get  from  the  jewtllcrs  a  certain  tranlparent  ftone,  ' 
that  was  ufcd  for  kindling  fire,  and  then  ftanding 
at  a  diftancc,  he  would  hold  it  to  the  fun,  ana 
melt  down  the  wax  on  which  the  adion  was 
written. 

The  moft  confiderable  of  thefe  glaflcs-arc 
ihol'c  ifcat  were  made  by  M.  Tfchirnhaufcn  and 
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Mr.  Parker.  The'  I  have  already  mentioned  *  both 
to  you,  it  may  be  worth  while  to  enter  into  fomt- 
what  a  iaigcr  detail  of  their  effeds.  The  dia- 
meter of  that  of  M.  Tfchirnhaufen  was  three  feet, 
the  focus  was  formed  at  twelve  feel,  and  it's  dia- 
meter li  inch  and  weighed  160  pounds.  To 
render  the  focus  more  vivid,  it  was  collcdcd  a 
fecond,  time,  by  a  lens  placed  parallel  to  the  firft, 
and  fo  fituated,  that  the  diameter  of  the  cone  of 
rays,  formed  by  the  firft  lens,  was  exadly  equal  to 
the  diameter  of  the  fecond  lens;  fo  that  it  received 
all  the  rays,  and  the  focus  was  contracted  to  eight 
lines,  and  it's  force  was  increafqd  proportionably. 

The  lens  made  by  Mr.  Parker,  of  Fleet-ftreet, 
•was  formed  of  flint  glafs,  is  three  feet  in  diameter, 
and  when  fixed  in  it's  frame,  expofcs  a  clear  fur- 
face  of  2  feet  8  1^  inches  in  diameter,  weighs  ai2 
pounds,  focal  length  6  feet  8  inches,  diameter  of 
the  focus  I  inch.  A  fecond  lens  was  ufed,  which 
reduced  the  focus  to  half  an  inch. 

I  (hall  now  recite  fomeof  the  principal  cfFe<3s 
of  that  made  by  M.  Tfchirnhaufen,  having  al- 
ready noticed  thofe  of  Mr.  Parker's. 

1.  Every  kind  of  wood  catched  fire  in  an  in- 
ftant,  whether  hard  or  green,  or  foaked  in  water. 

2.  Thin  iron  plates  grew  red-hot  in  a. mo- 
ment, and  then  melted. 

3.  Tiles,  dates,  and  all  manner  of  earth,  grew 
red  in  a  moment,  and  vitrified. 

4.  Sulphur,  pitch,  and  all  refinous  bodies,  . 
melted  under  water. 

5.  Fir  wood  expofcd  to  the  focus  under  water, 
did  not  feem  changed  ;  but  when  brojcen,  the  in- 
fide  was  found  burnt  to  a  coal. 

6.  If  a  cavity  was  made  in  a  piece  of  char- 
coal, and  the  fubftances  to  be  aifled  upon  were  put 
in  it,  the  efFeft  of  the  lens  was  much  intrcafed. 

7.  Any  metal  whatfoever  thus  inclofcd  in  the 

O  2  ■  cavity 
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cavity  of  a  piece  of  charcoal,  mefted  in  a  moment;- 
the  fire  fparkling  like  that  of  a  forge. 

8.  The  aihes  of  wood,  paper,  linen,  and  alt 
vegetable  fubftances,  were  turned,  in  a  moment, 
into  a  tranfparent  glafs. 

9.  The  fubftances  moft  difficult  to  be  wrought 
on  were  thofe  of  a  white  c'oiour. 

10.  AH  metals  vitrified  on  a  china  place^ 
when  the  china  plate  was  fo  thick  sb  not  to  melt, 
and  the  heat  was  gradually  communicated. 

I  r.  When  copper  was  thus  melted,  and  thrown 
quickly  into  cold  water,  it  produced  To  violent  a 
fhock,  as  liroke  ct)c  f^rongefl  earthen  vefTels,  and- 
the  copper  was  entirely  diflipated.* 

The  experiments  with  a  burning-gkfs,  amoi^. 
other  things,  prove  that  fire  is  regularly  dilFufca. 
through  all  fpacc,  and  perfect  therein ;  and  that 
when  properly  direded  and  put  in  aiflion,  it  burns 
with  a  vehemence  fuperior  to  any  culinary  fire. 
The  fire  was  in  the  expanfe  before  the  glafs  was 
applied  J  and  the  furface  by  which  it  was  collected. 
and  dire(!)cd,  onLy  put  chat  fire  int»  aAion,  which, 
already  extfled. 

Mr.  Parker  obferved  a  violent  rotatory  mo- 
tion in  the  i-aj»  at  the  focus,  which  rotatory 
motion  became  vifible  on  a  fmall  mafs  of  gold 
when  melted  j  for  it  inftantly  aflumed  a  motion 
round  it's  axis,  and  that  invariably  ibe  Jame  way 
as  the  earth  moves  round  it's  axis.  The  velocity  of 
ihi's  motion  was  accelerated,  if  at  any  time  the 
fun  (bone  "with  greater  briglitnefs  than  before. 

Though  the  heat  of  the  focus  was  fo  intenfc 
as  to  flux  gold  in  a  few  feconds,  yet  there  was  no 

heat 

•  When  plates  of  copper  are  caft  at  a  Toundry,  after  tlie 
moulds  have  been  well  heated  and  dried,  thcy^rap  ihcm  round 
with  blinkeii  to  prevent  ihe  accers  of  any  motfture,  which 
woula  n'tt  only  dillipaie  the  metal,  but  blowup  the  wo^^  and. 
even  ovciturR  the  hauie  itfelf. 
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^eat  at  a  fmall  diftance  therefrom;  and  the  finger 
>mighc  be  placed  in  the  cone  of  rays,  within  an 
inch  of  the  focus,  withouj;  receiving  any  huft. 
Mr.  Parker  had  the  curiofity  to  try  what  the  fen- 
fation  of  burning  at  the  focus  was,  and  having  put 
his  finger  there  for  that  purpofe,  he  fays,  it  nei- 
.ther  feemed  like  the  burning  of  a  fire,  nor  a  can- 
dle, but  the  fenfation  was  that  oi  zjbarp  cui  with 
'3  lancet. 

You  nsay,  by  means  of  the  focal  rays  from  this 
-glafs,  char  or  burn  a  piece  of  wood  to  a  coal  in 
■-a  decanter  of  water,  and  yet  the  fides  of  the  de- 
canter, through  which  the  rays  pafs  fo  very  near 
the  focus,  will  not  be  cracked,  nor  any  ways'  af- 
<eftcd  i  nor  will  the  water  be  in  the  leaft  degree 
warmed.  The  wood  was  afterwards  taken  out, 
and  the  rays  thrown  on  the  water ;  but  no  con- 
tinuance of  coUedled  ray-8  in  this  way,  would  either 
iieat  the  water^  or  crack -the  glafs  ;  but  if  a  piece 
.■of  metal  be  put  into  the  water,  it  foon  becomes 
■too  hot  to  be  touched,  and  communicating  it's 
iieat  to  the  water,  makes  it  not  only  warm,  but 
ifometimes  caufes  it  to  boil. 

Though  the  water  alone  is  not  affcfted ;  yet 
■when  a  little  ink  was  poured  into  it,  the  water 
^egan  to  boil  in  a  very  little  time. 

<Of  the  Scioptric  Ball,  or  Camera  Obscitra. 

By  camera  obfcura,  opticians  mean  any  darken- 
-ed  room,  out  of  which  all  the  light  is  excluded, 
but  w,hat  comes  through  a  lens  upon  a  white 
fcreen  properly  placed,  on  which  (he  objeds  fee* 
without  are  depidled.  * 

It  is  in  general  made  in  two  differeot  -ways : 

-one  is,  a  large  room  or  chamber,  made  as  dark  as 

jjoffiblc.with  the  fcioptric  ball  fixed  in  thewindow- 

ihuttcr:   the  other  is  fniall,  »nd  made  in  various 

O  3  w«ys. 
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waye,  as  that  of  a  box,  a  book,  &c.  for  the  con- 
vcnicncy_  of  carrying  it  from  place  to  place ; 
whence  it  is  called  the  portable  c-imera  obfcura, 
and  is  ufeful  to  a  young  artifl  in  taking  the  optical 
view  of  any  propofed  profpcA. 

It  is  by  means  of  convex  lenfcs  that  we  obtain 
all  the  advantages  that  are  derived  from  the  ca- 
mera obfcura,  which  exhibits,  in  a  mo(t  plcaling 
manner,  all  the  objeds  feen  without  in  tlicir  na- 
tural proportions,  colours,  and  motions,  as  vivid 
and  beautiful  as  life;  which  I  Ihall  fliew  you  aa 
foon  as  I  have  explained  the  nature  of  the  in- 
ftniment. 

Let  W,  X,Y,Z,;5'^.6,/'/.2,rcprefencadarkened 
room  or  box,  well  doled  on  all  fides,  fo  as  to  ad- 
mit no  light  but  what  comes  through  the  lens  o, 
whofe  focus  is  fuch  that  the  image  of  the  objeds 
'from  without  fall  exactly  on  the  wall. 

In  the  diagram,  to  prevent  confufion  from 
too  many  lines,  only  three  pencils  are  drawn,  one 
from  each  of  the  extremes  P,  R,  the  other  from 
the  middle  Q,  of  the  objeift  P  Q  R;  and' in  theft 
pencils  there  are  only  drawn  the  aitis,  and  the  two 
extrctnc  rays. 

But  the  rays  that  flow  from  any  point  (as  P, 
for  inftance)  upon  the  lens  are  innumerable,  the 
whole  conical  fpace  b  P  d  being  filled  with  them. 
Thefc  arc  all  colitded  and  united  at  the  focus  p, 
and  there  received  upon  the  white  paper,  and  ar? 
reflefted  by  it  in  all  nianner  of  dircdionsj  fo  that 
to  a  fpedator  in  the  room,  p  is  now,  as  it  were, 
a  real  objcdt,  exactly  fimilar  to  the  phyfical  point 
P,  in  proportion  to  it,  as  0  p  to  O  P,  and  p  is 
of  the  fame  colour  with  P,  bccaufe  the  rays  flowing 
iipon  the  lens  from  P  are  united  at  p,  diftinift  and 
fcparate  from  the  rays  coming  from  other  parts  of 
fhe  obi<:fi. 

pv«r>'  other  phyfical  point  of  the  objcil  fends 
forth 
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forth  it's  cone  of  rays,  which  are  united  by  the 
lens,  orderly  at  p,  q,  r,  and  being  there  refleded 
by  the  fcreen,  the  im^e  of  the  whole  objed  is 
dtftinift  and  vifible,  like  a  piAure  drawn  upon 
canvas;  but  rrxuch  more  lively  and  diftiniil:  than 
the  "beft  finished  drawings  of  the  greateft  artift. 

If  the  objeifls  are  very  remote  in  proportion 
to  the  focal  length  of  the  lens,  wc  (hall  have  the 
pidures  of  thofe  that  are  in  the  fame  neighbour- 
hood, pretty  diftindtat  the  fame  time,  though  they 
are  at  the  fame  diftanccs  from  the  lens  ;  becaufe  in 
that  cafe,  the  focal  diftanccs  of  the  refraSed  rays 
differ  only  infenfibly. 

There  will  be  as  many  foci  upon  the  paper  aa 
there  are  radiant  points  in  the  objcit,  from  which 
the  rays  proceed;  and  thefc  foci  will  be  difpofed 
in  the  fame  manner,  in  refpeft  of  one  another,  as 
the  radiants.  Thofe  foci  will  be  the  moft  bright 
in  which  the  moft  rays  are  united,  and  thofe  will 
be  the  letft  bright  in  which  the  fewcft  rays  arc 
united. 

Now  the  moft  rays  will  be  united  in  thofe 
foci,  which  correfpond  to  the  radiants,  from  which 
the  moft  light  proceeds;  and  the  fewcft  will  be 
colleifled  in  thofe  fdcai  points,  that  correfpond  to 
radiants  from  which  the  leaft  light  proceeds. 
Therefore  the  light  and  ftiade  upon  the  paper  will 
be  anfwerable  tothe  light  and  ftiade  upon  thcfurface 
of  the  objeft. 

When  the  rays  from  thcfe  foci  arc  refleiSed  by 
the  paper,  and  enter  the  eye  of  a  fpcflator,  who 
looks  ac  the  paper,  he  will  there  fee  the  piflure, 
or  likenefs  of  that  object ;  for  the  figure  made  up 
of  thefe  foci,  will  be  like  the  figure  of  the  objed, 
becaufe  the  focal  points  are  difpofed  in  the  fame 
manner,  with  rcfpeft  to  one  another,  that  the  ra- 
diants in  the  objeifts  are.  The  light  and  ftiade 
upon<he  paper  are  tvery  where  anfwerabk  to  the 
*^  O  4  U^ht 
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light  and  ihade  upon  the  furface  of  the  objeiS. 
And  the  colouring  of  each  particular  part  through 
the  whole  figure  upop  the  paper,  is  the  fame  with 
the  colouring  of  the  correfpondent  part  in  the 
objed. 

If  the  fcreen  be  moved  nearer  the  lens, 
as  to  X,  or  farther  from  it,  as  to  y,  the  picture  "will 
be  confufed,  becaufe  the  rays  proceeding  from  the 
next  adjacent  objects  begin  to  interfere  and  mix 
together,  as  the  rays  from  a  will  be  mixed  with 
thofc  from  P.  The  diftindnefa  of  the  pidure,  wc 
have  obferved,  is  entirely  owing  to  the  reparation 
of  the  rays  belonging  to  every  point  of  the  objert 
upon  their  reception  on  the  fcreen.  If  the  fcreen 
be  removed  farther  and  farther  from  the  focus,  the 
pidure  will  become  more  and  more  indiftind,  and 
at  length  totally  vanilh,  no  one  part  being  diftin- 
guithable  from  the  reftj  for  ill  the  rays,  that  pro- 
ceed from  the  fcvcral  points,  muft  go  to  as  many 
correfpondent  points  to  make  a  complete  image  of 
the  objedt.  7he  brighlnejs  of  the  p'lifure,  •when  it's 
diftunce  from  tbc  lens  is  given,  is  in  proportion  to  the 
area  of  the  lens.  The  diftindnefs  of  the  pidure  is 
not  the  fame  thing  as  it's  brightnefs ;  nor  is  the 
confufion  of  parts  the  fame  thing  as  it's  obfcurity- 
Thc  picMire  may  be  diftind  in  all  it's  parts ; 
the  rays  which  come  from  one  and  the  fame  point 
of  the  object,  may  be  exadly  colleded  into  one 
and  the  fame  point  on  the  paper ;  and  yet,  if  but 
few  rays  (hould  pafs  through  the  lens,  the  pidure 
will  be  diftind,  though  faintly  enlightened.  Or, 
though  the  pidure  be  confufed,  either  by  the  fcreen 
being  placed  at  an  improper  diftancc  from  the  lens, 
or  from  any  other  caufe,  yet  if  many  rays  pafs 
through  the  lens,  the  pidure  will  be  a  bright  one, 
potwithftanding  it's  confufion. 

Hence  you  fee  that  the  brightnefs  of  the  picr 
pure  in  every  part  depends  on  the  rays  that  come 

W 
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to  that  part,  and  that  the  picture  will  be  bright 
or  faint,  in  proportion  as  it  is  formed  by  more  or 
fewer  rays.  Now  the  quantity  of  light,  or  number 
of  rays  that  pafs  from  any  given  object  into  the 
room,  is  greacer  or  fmaller  in  proportion  as  the 
hole  through  which  they  pafs  is  greater  or  !efs,  or 
as  the  area  of  the  lens  is  greater  or  fmaller. 

The  foot  of  thecrofs  will  be  at  r,  and  the  top 
atp.foreveryobjcAmuft  bereprefentcdat  the  place 
■where  a  line  falls,  drawn  from  the  objefl  through 
the  middle  of  the  lens ;  and  confequently  what  is 
at  the  top  will  be  reprefented  at  the  bottom;  ob- 
jects to  the  right  will  be  the  left  in  the  pidiure. 

Why  the  image  is  inverted,  is  evident  from  a 
bare  infpeiflion  of  the  figure ;  and  it  is  alfo  evident, 
that  this  invcrfion  is  not  owing  abfolutely  to  the  lens ; 
for  if  that  be  removed,  and  the  light  be  admitted 
through  a  fmall  hole  in  the  Ihutter,  as  you  faw  at 
the  beginning  of  this  Ledhire,  we  fhallhave  an  in- 
verted pi(fture  on  the  fcreen,  though  very  impcrfecfl 
when  compared  to  that  formed  with  the  lens :  the 
feveral  pencils  in  both  cafes  crofs  each  other ;  but 
without  the.4ens,  the  pitfture  is  very  faint  and  con- 
fufed  J  it  is  faint  for  want  of  fufficient  light, 
fo  many  rays  from  each  point  not  being  collected 
together ;  it  is  confufed  becaufe  the  rays  that  pro- 
ceed from  the  adjacent  objedls  interfere  and 
mingle  together. 

Let  us  now  proceed  to  try  ihe/cioplric  iall, 
or  ox's  eye.  To  ufe  this,  the  windows  of  the  room 
mull  be  made  to  fhut  very  clofe,  and  if  there.be 
any  crevices  they  Oiould  be  Itopped,  as  we  have 
done  here,  by  nailing  flips  of  cloth  clofe  over  them ; 
the  falh  is  thrown  up,  and  we  have  cut  a  hole  in 
the  Ihutter  fufficient  to  let  the  ball  move  freely 
therein:-  tq  this  we  (hall  fcrew  our  inftrument, 
which  confifts  of  three  parts,  a  frame,  a  ball,  and 
a  lens.  The  flat  fide  of  the  frame  is  to  be  placed 
,  ,        '  clofe 
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clofe  to  the  window  fhutter ;  the  frame  confitls  of 
two  parts,  the  flat  board  with  a  hole  in  it,  and  i 
fcrew,  to  which  a  ring  may  be  fcrewcd,  by  which 
the  b«U  is  confined;  it  moves  with  more  or  Icfs 
cafe,  as  this  ring  is  fcrcwed  more  or  lefs  tightly; 
the  ball  has  a  large  cylindrical  hole  at  each  end, 
which  is  cut  to  a  female  fcrew  for  receiving  a  lens 
fitted  in  a  celt.  By  the  motion  of  the  ball,  the 
axis  of  the  lens  may  be  turned  dtfierenC  ways ;  and 
the  fphericity  of  the  frame  and  ball  prevents  any 
light  being  tranfmittcd  between  them.  There  arc 
ufually  two  lenfes of  different  focal  lengths;  byufing 
both  together- you  obtain  a  third,  having  a  fhorter 
focus  than  cither  of  the  others.  There  is  a  paper 
fcreen,  and  a  half  polifhed  glafs,  with  proper  fupr 
'  ports,  fo  that  I  may  place  either  of  them  exa<5tly  in 
the  focus,  by  moving  them  to  and  fro  till  the  pic* 
We  is  difttnif^. 

This  inflrumenc  may  be  confidered  as  a  kind 
pS  artificial  eye  ,•  the  frame  may  reprefcnt  a  fruf- 
trum  of  the  orbit  of  the  eye,  and  the  wooden  ball 
which  is  moveable  every  way  therein  the  globe  of 
t^e  eye,  moveable  every  way  in  it's  orbit ;  the  hole 
in  the  ball  reprefcnts  the  pupil  of  the  eye,  the  con-'" 
vex  lens  correfponds  to  the  cryftalline  humour,  and 
the  fcreen  to  the  retina;  all  which  you  will  better 
comprehend  when  we  come  to  explain  the  nature 
of  viHon.  1  fix  the  fcioptric  ball  in  it's  place,  and 
darken  the  rboni,  and  let  the  fcreen  at  a  proper 
diftance  from  the  lens. 

Yoii  fee  what  a  beautiful  and  lively  piifhire  of 
all  the  objedts  before  the  window  is  exhibited  on 
the  fcreen.  It  may  with  propriety  be  termed  na- 
ture's art  of  painting.  You  have  perfpeftive  here 
in  perfedtion,  or  a  juft  diminution  of  objedts  in 
proportion  to  the  diftanccs,  the  images  being  all  in 
proportion  to  the  refpe&ive  apparent  magnitudes 
of  the  objects  feen  by  an  eye  at  the  hole  in  the  win- 
dow.   The  colouring  here  is  juft  and  natural,  the 
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Jjghts  and  ihades  perfedly  juft,  and  the  motions  of 
all  objcfits'  are  perfecflly  exprcffed  ;  the  leases  qjji- 
ver,  the  boughs  wave,  the  birds  fly,'  &c.  as  in  na- 
ture,- though  much  quicker,  and  in  a  liefler  fcene. 
From  the  camera  obfcura,  the  painter  may  learn 
his  imperfeiSions  ;  h*:^  may  fee  what  he  fliould  do, 
and  know  what  he  cannot  perform.       "  '    ' 

Observatjoss  on  the  Scioptric  Ball. 

All  other  circumftancesbcingthe  fame,  the  pic- 
tures of  objcifts  that  are  near,  as  within  5,  10,  or  26 
yards,are  more  vivid  than  thofe  that  are  more  remote. 
Univerfally,  the  pidtures  will  be  more  diftintfl  and 
pleafant,  when  the  objed:s  are  at  fuch  moderate  dil^ 
tances,  in  proportion  to  the  focal  length  of  the  lens, 
as  to  exhibit  fmall  parts,  as  the  features  of  a  per- 
fon's  face,  the  tiles  of  a  houfe,  &c.  If  the  light 
without  is  favourable,  and  the  fpe<5tator  has  been 
fomc  time  in  the  dark,  it  is  furprifing  how  diftinft 
and  bold  objefls  will  appear,  that  are  diminiftied 
at  leaft  20  or  30  times;  and  a  perfon  may  be  known, 
when  his  features  are  no  bigger  than  in  that  pro- 
portion. The  lights  and  tints  are  then  exquintely 
delicate  and  perfcAIy  juft,  and  the  relievos  of  ob- 
jecfts  furprizingly  bold.  A  dlftanc  profpeift  appears 
perfeift  enough,  but  docs  not  form  fo  entertaining 
a  pifture. 

All  light  fhould  be  excluded  from  it  but  what 
comes  through  the  lens  ;  for  in  proportion  as  the 
field  about,  is  darker,  the  objedU  will  appear 
brighter,  as  the  flars  do  in  a  dark  night.  The  fpec- 
tator  himfelf  fhould  alfo  be  in  the  dark,  at  leaft 
while  he-  looksat  the  picture;  for  by  this  means 
the  pupils  of  his  eyes  enlarge ;  and  as  they  enlarge, 
the  apparent  brighinefs  of  thcpidure  will  increafe; 
and  being  free  from  extraneous  light,  the  imprcf- 
iions,on  the  retina  will  be  more  vivid  and  fenlible. 
The  objcffts  ihould  alfo  be  well  enlightened,  other- 
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wife  the  pitftures  will  be  dull,  obfcure,  and  no  ways 
agreeable.  You  muft  therefore  never  exhibit  but 
in  a  clear  day,  and  it  will  anfwer  beft  when  the  fun 
4hine5  upon  the  objeifts  ;  that  is,  if  the  profpedl  be 
wcftcrn,  thi?  appearance  will  be  bcft  in  the  morn- 
ing; if  eaflern,  in  the  afternoon  ;  if  northern,  about 
noon.  A  fouthern  afpedt  is  the  worft  of  any  for  the 
camera  obfcura. 

A  proper  aperture  (hould  be  given  to  the  lens-; 
if  the  aperture  be  too  fmall,  the  picture  will  be  dark 
and  obfcure.  and  upon  that  account  indiflind  and 
unpleafant.  If  the  aperture  be  too  large,  the  pic- 
cure  will  be  indiflindl,  on  account  of  the  abcrra-. , 
tion  of  the  extreme  rays,  of  wJiich  we  fhall  fpeak 
hereafter;  and  aifo  becaufe  the  pidure  will  be  too 
much  enlightened  by  the  adventitious  light  which 
-enters  the  room,  by  which  it  is  much  objured  ^d 
injured. 

The  apertures  will  admit  of  fomc  latitude^ 
and  may  be  more  or  lefs  contracted,  as. the  objects 
are  more  or  lefs  illuminated,  or  as  they  are  nearer 
or  farther  from  the  lens.  Mr.  Harris  fays,  that  io 
a  clear  day,  and  the  fun  (hining  obliquely  upon  the 
objeQs,  a  lens  of  1 8  inches  focus  does  beft  with  an 
■  aperture  from  i  to  it  inch,  according  as  the 
Weather  varies ;  when  the  weather  was  overcaft,  agi 
aperture  of  i*  inch  a(5ied  beft;  when  the  fuii 
Jnone.  a  lens  of  30  inches  focus  bore  an  aperture 
of  li,  and  would  not  bear  more  than  i£  inch- 
After  every  attempt  to  improve  the  pi(flure, 
the  af^rcnt  brightnefs  will  decreafe  nearly  as  the 
fquare  of  the  focal  length  of -the  lens  is  increafed. 
For  this  apparent  brightnefs  will  be  nearly  as  the 
denfity  of  the  light  in  the  pid^ure,  divided  by  the 
denlity  of  the  adventitious  light  in  the  room.  And 
whatever  is  the  focal  length  of  the  lens,  the  den- 
iity  of  the  adventitious  light  will  be  nearly  as  the 
fquare  of  the  linear  aperture  of  riie  lens ;  and  to 
preftrve. 
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preferve  the  fame  denfity,  the  apertare  muft  be  as- 
the  focal  length  of  the  lens. 

In  fpme  cafes  the  breadth  of  the  pidture  maybe, 
about  T  of  it's  diftance  from  the  len^,  and  even  more 
if  the  paper  be  made  a  little  concave ;  that  is,  the 
pidlure  may  take  in  a  field  of  near  40  degrees  j 
but  in  moll:  cafes,  when  the  field  is  fo  large,  the 
piffture  will  be  moie  diftinct  in  the  middle  than 
towards  the  extremes,  and  therefore  you  Ihould  fel- 
Hom  exceed  an  angle  of  about  20  or  30  degrees. 

'  A  glafs-  having  both  it's  fides  ground  flat, 
nearly  parallel,  and  poliftied  on  one  fide,  will  ex- 
hibit the  images  of  objects  vaftly  more  vivid  and 
diftin<5t,  than  by  refleiflion  from  paper.  Sec.  The 
fays  are  not  fo  miich  diiTipated  in  this  cafe,. as  they* 
are  by  reflcdlion  from  the  opake  furface;  you  are" 
alfo  lefs  offended  by  extraneous  light,  as  none  ia 
admitted  but  what  falls  upon  the  gfafs,  and  paffes- 
through  it,  and  you  may  therefore  have  a  good 
pidure  by  a  much  deeper  or  (hallowcr  lens  than; 
you  have  on  the  paper. 

The  inverted  poficion  of  the  images  in  a  ca- 
mera obfcUra*  is  an  imperfection  j  an  inverted 
pid:ure  does  not  look  near  fo  pleafant  as  one  that 
is  ereS,  and  a  perfon  cannot  be  known  near  fo'' 
readily  in  an  inverted  picture,  ^  after  the  fame 
pidure  is  fet  in*it's  proper  pofition.  Buf  if  you 
take  a  looking-glafs,  and  hold  it  before  you  with 
the  face  towards  the  pidure,  and  inclining  down- 
warda^  the  images  will  be  ercd  in  the  glafs,  and 
appear  with  greater  luftre  than  in  the  fcreca;  of 
you  may  place  a  fmall  mirror  before  or  behind  the 
lens,  to  infleiit  the  rays  before  they  come  to  the 
|)i(fture. 

*  la  portable  inflrumenli  tills  inverfion  if  removed. 

Of 
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Of  the  Magic  Lanthorn. 

The  magic  lanthorn  has  been  generally  ap- 
plied to  magnify  fmall  piftures  in  a  dark  room  for 
the  amufcmenr  of  children:  we  Ihall  fhcw  you  that 
it  may  be  applied  to  more  important  purpofcs,  by 
ufing  it  to  explain  the  general  principles  of  optics, 
aftronomy,  botany,  &c. 

The  conftruiftion  and  theory  of  this  inflrumcnt 
is  very  eafy ;  it  confifts  of  a  tin  lanthorn  with  a  tube 
fixed  to  the  front;  this  tube  confifts  of  two  joints, 
one  of  which  flides  into  the  other;  by  draM'ing 
iheoutermoft  Point  out.orpufhir^  it  in.thetube  may 
be-made  fhortcr  or  longer.  At  the  end  of  this  move- 
able tube  a  convex  lens  is  fitted;  the  pidure  which 
is  painted  with  tranfparcnt  colours  on  glafs,  is 
placed  in  a  groove' made  in  the  immoveable  part  of 
the  tube,  fo  that  as  the  tube  is  lengthened  or  fhort- 
encd,  the  lens  will  be  either  at  a  greater  or  lefs 
diftance  from  the  pidlure.  In  the  inmoft  of  the 
tubes,  and  as  clofe  to  the  fide  of  the  lanthorn  as 
podiblc,  is  placed  a  thick  com  ex  lens,  in  order  to 
caft  a  ftrong  light  from  the  lamp  upon  the  objedt. 

To  be  more  particular;  in  the  inllde  of  the 
lanthorn,  fig.  2,  pi.  3,  is  a  lamp  L,  uhofe  light 
paflcs  tjirough  the  plano-convex  lens  NKL,  and 
ftrongly  illuminates  the  objcift  QR,  which  is  a 
tranfparcnt  painting  on  glafs,  inverted  and  move- 
able before  the  lens  K  L,  by  means  of  a  Aiding  frame 
in  which  the  glafs  is  fixed.  The  illumination  Is 
often  increafed  by  means  of  a  concave  mirror 
placcd'at  the  back  of  the  lanthorn.  If,  when  the 
objedis  properly  illuminated,  the  lens  S  Tbe  moved 
.a  little  furthicr  from  the  objedt  Q  R  than  it's  focal 
diftance,  it  will  form  a  rcprcfentanon  at  a  great 
diftance  on  the  oppofite  wall ; ,  and  the  image  V  W 
will  be  as  much  larger  than  the  objctil  Q  R,  as  the 
diftance 
,  ,„.,,,.„Coo'ilc 
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diftance  Z  O  is  greater  than  Z  G.  As  the  lens 
S  T  is  moved  farther  out  of,  or  puftied  into  the  tube, 
the  image  V  W  will  be  fmaller  or  larger,  acconi- 
ing  to  the  diftance  of  the  oppofite  wall. 

To  render  the  pidure  diftind:,  no  light  (hould 
fall  upon  it  but  what  paflcs  through  the  lens,  and 
for  this  reafon  the  lanthorn  mud  be  ufed  in  a  dark 
room.  The  lens  fhould  be  very  convex,  fo  that 
the  objed  may  be  very  near  it  j  for  you  have  feen, 
that  by  fo  much  as  the  objedl  is  nearer  to  the  lens, 
wilt  the  image  be  at  a  greater  diftance  from  it,  and 
corifequently  fo  much  the  larger;  and  fince  the 
image  is  inverted  in  order  to  make  the  pidlure  on 
the  fcreen  upright,  it  is  neceflary  that  the-  objcift 
fiiould  be  placed  with  the  wrong  end  upwards. 

Further    Remarks    on    the     Properties    of 
CoKVE^  Lenses. 

Convex  Jenfcs  are  ufed  for  looking  at  obie<2s : 
to  comprehend  this,  we  muft  conlider  their  na- 
ture a  little  further.  I  have  already  told  you,  that 
when  an  objetft  is  very  diftant,  the  image  is  repre- 
fented  at  the  focus  of  the  glafs ;  and  that  the  image 
is  remaved  further  from  the  lens,  in  proportion  aa 
the  objeifl:  approaches  it;  fo  that  if  the  objeifl  is  at 
the  focal  diitance  from  the  lens,  the  image  is  re- 
moved to  an  infinite  diftance.  And  for  this  rea- 
fon, the  rays  O  N,  O  N,  jig.  8,  pi.  2,  which  fall 
upon  the  point  O,  are  refradted  by  the  glafs,  fo 
that  they  become  parallel  to  each  other,  as  N  F, 
and  N  F ;  and  as  parallel  lines  may  be  considered 
as  proceeding  to  an  indefinite  diftance;  and  that 
the  image  is  always  where  the  rays,  which  proceed 
from  the  objetfl,  are  united  after  rcfraiftion;  in 
the  cafe  where  the  diftance  OA  of  the  objcci  is  equal 
CO  the  focus  of  the  glafs,  the  image  is  removed 
to  an  infinite  diftance.  As  it  is  indifferent  whether 
3  the 
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the  parallel  lines  N  F,  N  F,  meet  on  the  right 
or  left  hand,  the  image  may  be  confidered  as 
being  on  either  fide,  but  at  an  inftnito  diftance. 
From  hence  you  will  eafily  conclude,  where  the 
image  'will  be  found,  whefl  the  objedl  comes  ftill 
nearer  the  lens  than  the  focus. 

Let  O  P,  jf^.  ro,  pL  i,  be  the  objed  :  now  as 
the  diftance  O  A  thereof  from  the  lens  is  lefs 
than  the  focal  diftance,  the  rays  O  m,  O  m,  which 
proceed  from  the  objcifl,  are  too  diverging  to,'  be 
rendered  parallel  by  refradion  j  but  continue  di- 
vergent, as  N  F,  N  F,  after  they  have  pafled 
through  the  glafs,  but  much  lefs  fo  than  before; 
fo  that  by  prolonging  them  on  the  other  fide  the  • 
lens,  they  will  meet  fomewhere,  as  at  o ;  confe-> 
quently  N  F,  N  F,  after  refraftion  follow  the  fame 
direition  as  if  they  proceeded  .from  the  point  o, 
and  an  ey^  which  receives  thefe  rays  will  be  affect- 
ed as  if  they  came  from  o,  and  will  imagine  that 
the  objetft  of  vifion  is  at  o:  there  will,  however, 
be  no  image  formed  at  o,  and  in  vain  would  you 
apply  a  fcreen  there  to  receive  it. 

But  an  eye  at  E  receives  the  fame  imprcflion 
as  if  thfe  objed  O  P  exiftcd  at  c.  It  js  therefore 
important  in  fuch  cafes  to  know  the  fiz^  and -place 
of  the  hiiiiginary  image  op.  With  refpeifl  to  the 
'place,  it  will  be  fumcient  to  remark,  that  if  the 
diftance  from  the  objefl  A  O  was  equal  to  the 
focal  diftance  of  the  glafs,  the  image  would  be  at 
an  infinite  diftance ;  but  that  as  the  objtcl:  is  brought 
to  the  lens,  the  more  the  imaginary  image  alfo 
approaches  the  glafs.yet  it's  diftance  aiways  exceeds 
that  of  the  objeift  froip  the  glafs. 

To  illufti-ate  this  by  an  example;  let  the  focal 
diftance  of  the  glafs  be  6  inches,  and  the  fol- 
lowing tables  will  give  you  the  diftanccs  of  the  ob- 
jeft,  as  well  as  the  corrcfponding  diftance  of  the 
unaguiary  image  o  p. 

Dijiance 
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0. 
■6 

Dijlance   af  the  jmagL 

nary  image  A  c. 
Infinite. 

5 
4 
i 
2 
1 

3° 

12 

6 
3 
li 

'The  rule  for  finding  the  fize  of  the  ima^ 
aginary  image  o  p^  is  cafy  and  general.  Dt;aw  a 
4ine  C  P  p,  through  the  extremity  of  the  object,  and 
c  the  center  of  the  glafs,  and  at  p,  where  it  meets 
.the  line  o  p,  perpendicular  to  the  axis  of  thc>giafs» 
you  find  o  p  for  the  fize  of  the  imaginary  image: 
from  whence  you  fee,  that  this  image  is  always 
latter  than  the  objed:;  and  that  in  propotcion  as 
it's,  diftance  from  the  glafs  exceeds  that  of  the 
objedl:  from  the  glafs :  you  alfo  fee,  that  the  im^e  is 
not  inverted. 

From  thefe  obfcrvations  you  will  compre- 
hend the  ufe  of  convex  lenfes  to  perfons  who  do 
not  fee  near  objeifls  diftiniftly,  but  fee  well  thqfe 
.that  are  at  a  diftance ;  for  by  the  help  of  thefe 

glafles  they  fee  near  objedb  as  if  they  were  at  a 
iftancc, 

-Of  Concave  Glasses, 

As  convex  glafles  caufe  the  rays  of  light  to 
lonverge  and  unite,  fo  thofc  which  are  concave 
make  them  fepardte  and  diverge  i  for  which  rea- 
fon,  if  diverging  rays  fall  upon  %  concave  lens,  they 
will  diverge  itidrc  after, they  have  paiTed  through 
it  than  they  did  before ;  .and  fuch  rays  as  cqpvergc  ■ 
■before  their  incidence,  .will,  after  their  paflage, 
converge  lefs,  their  effeft  t'cing  diretJlly  contrary 
tp  that  of  convex  lenfes. 
Vol.  U.  P  _^Let 
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Let  us  confider  their  nature  by  a  diagram, 
jSg-.  12,  pi.  2,  and  O  P  as  an  object  at  a  great  dif-  , 
tancc.  fo  that  the  rays  O  M,  O  M,  may  be  deemed 
parallel.  Thefe  falling  upon  the  concave  glafs  are 
thereby  rendered  more  divergent,  .and  go  on  in 
the  diredlions  N  F,  N  F,  as  if  they  had  proceeded 
from  the  point  o,  although  they  really  proceed 
from  o. 

As  the  rays  arc  deemed  parallel,  if  the  glafs 
had  been  convex,  o  would  have  been  the  focus  ( 
blit  Jince  there  is  no  real  concurrence  of  the  rays, 
this  point  is  termed  the  imaginary  focus  of  tho  ' 
concave  lens,  and  fomctimcs  the  point  of- *///)&«■-- 
jffon,  as  the  refratfted  rays  fccm  to  diverge  from  thii 
poinf. 

Concave  gl^ej  have,  therefore^  no  real  focal 
point }  but  one  that  is  imaginary,  whofe  diftanc4 
Ao,'  however,  is  .terpned  the  focal  diftancc. 

When  the  objcifi  O  P  is  ^t  an  infinite  diflance, 
tl^c  imaginary  image  ep  h  rcprefented  at  the  focaj 
diftancc  of  the  concave  Icps,  and  on  the  fame  fide 
^  the  obj&a  [  but  though  this  image  is  imaginary, 
the  eye  is  affcifted  in  the  fame  planner  as  if  -th^ 
lays  proceeded  from  that  point. 

When  the  obje£l  Is  nearer  the  glafs,  the  image 
».p  olfo  approaches  it;  but  (b  that  the  image  ia 
ftlways  nearer  the  glafs  than  the  objeA ;  whereas  iq 
convex  glaffes  it  is  further  from  the  lens  than  the 
objeA.  To  make  this  clearer,  let  us  fuppofe,  that 
the  focal  diftance  of  the  concave  lens  be  6  inches; 
fhe 

'Difia/KeoftbeobjeSlO  A. 

Infinite 

3° 

12 

6 
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1  Diftance  of  the  image  O  A, 
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The  fame  rule  as  I  gave  you  before  deter- 
mines the  fize  of  the  image,  by  drawing  a  line 
from  the  center  of  the  glafs  to  the  extremity  of 
the  objctff,  which  will  pafs  by  p,  the  extremity  of 
the  Image  ;  this  image  is  not  inverted.  Indeed,  it 
is  a  general  rule,  that  the  image  is  always  upright 
when  il  is  on  the  fame  fide  of  thq  gliifs  as  the  object. 
The  figure  fliews  you,  evidently,  that  in  concave 
glafies  the  image  is  always  lefs  than  the  objedi. 

You  may  now  fee  why  concave  glafles  are  of 
fuch  ufe  to  fhort-fighted  perfons,  or'  ihofe  who 
only  fee  near  objefts  diftindtly ;  for  they  will  re- 
prefent  diOant  objeds  to  them  in  the  fame  manner 
as  if  they  were  really  very  near. 

A  menifcui  has  the  properties  of  a  convex  lens, 
when  the  inner  radius  is  the  greater,  and  of  a  con- 
cave when  the  inner  radius  is  the  fmallelt.  If  the 
two  furfaccs  are  concentric,  it  has  the  properties 
of  neither;  for  the  rays  will  then  emerge  parallel. 
If  the  radius  of  convexity  be  lefs  than  the  radius 
of  concavity,  then  the  mensjcus  will  have  all  the 
properties  of  a  convex  lens  of  the  fame  focal  dif- 
tancc.  If  the  radius  of  the  concavity  be  lefs  than 
the  radius  of  convexity,  then  the  tpcnifcus  will 
have  all  the  properties  of  a  concave  leiis,  whofe 
focal  ditlance  is  the  fame. 

When  any  Jmall  olje^y  or  any  point  of  that  oh~ 
jeH,  is/een  by  re/raSIed  light,  it  appears  in  the  di- 
reBiion  of  that  line,  which  the  rays  defcribe  after' 
their  lafl  refraction. 

If  the  rays,  that  come  from  any  fmall  objeft, 
pafs  through  a  glafs  prifm,  of  which  A  C  B,  fi^.  6, 
pi.  3,  is  a  fedion,  the  ray  DE  wilj  be  refradled  to- 
wards a  perpendicular,  when  it  enters  the  prifnj, 
and  will  defcribe  the  line  E  F;  and  when  it  goes 
out  of  the  glafs  it  will  be  rcfrafted  from  a  perpen- 
dicular into  the  line  FG;  which  line  is  the  di- 
redlion  of  it  after  it's  laft  refradion,  and  the  objctft 
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t)  will  be  feen  at  L,  inftead  of  D ;  for  in  this  ancj 
^U  other  cafes  of  the  fame  fort,  the  pidure  of  th^ 
pbjed  on  the  retina  will  ,be  jn  the  fame  plac? 
that  it  would  have  been  if  the  eye  had  been  really 
Rooking  at  an  object  placed  at  L ;  for  the  re- 
ftA^ion  gives  the  rays  the  fame' direiflion  as  if 
they  had  tome  originally  from'L. 

From  hence  we  undefftand  why  an  objeiS 
feen  through  a  multiplying  gla/s,  or  through  a  glafs 
that  is  cut  into  different  Surfaces  inclined  to  one 
pnother,  appears,  at  one  view,  in  many  different 
places.  If' the  objeift  F  is  feen  through  the  glafa 
abed,  fig.  7,  pi.  3,  by  the  ray  A  B,  that  palTes 
through  the  iurinct  c  b,  the  objed  by  the  eye  at 
A,  will  be  feen  at  B,  the  ray  D  d  paffes  through  the 
furface  c  d,  and  when  it  is  rcfrafled  comes  "to  the 
eye  in  the  direction  A  D,  as  if"  it  proceeded  froiii 
D,  and  therefore  the  obje.;t  appears  at  D ;  and  for 
the  fame  reafon  through  the  furfade  ab,  it  appears 
at  C;  confcqucntly  there  will  be  the  appearance  of 
as  many  objects  as  there  arc  Jhch  furfaces  on  tht 
.  glafs,  for  each  of  them,  Ihews  the  farhe  pbjcd  m  ^ 
different  place.  If  fuch  a  glafs  be'fhakeii-  before 
the  eye,  the  objedts  on  the  other  fide  will  appear 
alfo  to  fhake,  as  the  fituation  of  the  ray  by  which 
It  is  feen  will  be  varied  with  every  motion  of  the 
glafs.  '  "  ' 

In  refraSed  "vijionf  it  is  not  the  obje^  ^if^lf  w* 
Jee,  but  the  laji  image  of  it,  ■ii;hich  confifis  of  all  the 
imaginary  radiants,  or  points,  from  'whence  the  rays 
appear  to  diverge  after  their  lajl  refratJion.  That 
you  may  the  better  underftand  what  I  here  mean  by 
the  laft  image,  \^lfig.  1 2,  pi.  3,  be  an  objeifJ  nearer  to 
a  convex  lens  than  it's  principal  focus.  The  rays 
that  diverge  from  any  point  b  in  this  objetfl  will, 
by  pafling  through  the  Icn?,  be  made  to  diverge 
lefs,  and  the  imaginary  radiant  will  be  more  re- 
jnote  than  the  real  one.     Thus  the  rays  b  g>  b  1; 

when 
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y/hen  they  have  gone  through  the  lens,  will  not 
proceed  ftrait  forward  in  the  lines  g  k,  I  p ;  but 
win  be  refradcd  into  the  lefa  diverging  dircflion^ 
gm,  1  n,  as  if  they  had  come  from  the  imaginary 
radiant  e,  U-hiCh  is  more  remoti  than  the  rc^l  ontf 
b.  The  fame  will  happen  to  the  raya  that  como 
from  a,  or  c,'  or  any  other  point  in  the  objeift ;  f6 
that  there  will  be  fomewhei'e  behind  the  lens,  as 
at  d  fy  as  many  imaginary  radiants  as  there  arc 
real  ones  in  the  object,  and  thcfe  imaginary  ra- 
diant* taken  all  together  compofe  the  laft  image; 
Arid  fincc  all  the  rays  fall  upon  the  .eye,  as  if  they 
had  divei^ed  from  this  laft  image;  the  eye  will  be 
affeiSM  by  the  objeift  a  b  c,  juft  in  the  fame  man- 
ner when  it  looks  through  the  lens,  as  it  would  be 
without  the  lens,  by  an  object  in  all  refpedls  like 
d  e  f,  of  as  it  would  by  the  laft  image,  if  without 
the  lens  the  faft  image  could  be  made  vifible ;  and 
becaufe  the  eye  is  affedted  when  it  looks  through 
the  lens,  as  ifdef  was  the  obje<5t,  and  not  a  be, 
therefore  wc  fay,  thit  it  is  riot  the  objei5t  itfelf,  but 
it's  laft  ifnage  that  we  fee. 

This  is  univerfal;  in  refratHied  vifion  the  eye  is 
affetftcd  by  the  rays  of  light  after  refradion,  as  if 
they  had  come  not  from  the  object  itfelf,  but  from 
it's  laft  image,  which  confifts  of  all  the  imaginary 
radiants  from  whence  the  refradicd  rays  appear  to 
diverge  at  the  time  they  fall  upon  the  eye. 

To  tiND  THE  Focal  Lengths  of  Lenses  by  Expe- 
riments. 

1.  When  the  focal  length  of  the  lens  docs  not 
Exceed  two  or  three  feet,  it  may  be  found  by  hold.- 
.  ing  the  lens  at  fuch  a  diftance  from  the  wainfcot 
6ppo(ite  a  window  fafh,  that  the  image  of  the  iafti 
tniy  be  diftinifl  upon  the  wainfcot,  and  this  diftancc  ' 
^nay  be  confidered  as  the  focal  length  of  the  lens ;. 
P  3  •  but 
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but  if  the  focal  length  is  long,  you  muft  compute 
the  focus  by  the  fulilequent  rule. 

Rule. 

Meafure  the  diftance  between  the  lens  and  the 
objcia,  and  alfo  from  the  image  ;  multiply  thefc 
diiianccs  together,  and  divide  the  produA  by  their 
fum ;  the  quotient  will  give  the  focal  diftance.  Or, 
the  fqiiare  of  the  diftance, of  the  obferved  focus, 
dividedbythediftanccof  the  objed from  the  image, 
will  give  the  excefs  of  the  obferved  focus  beyond 
the  true  focal  diftance. 

3.  ,You  may  find  the  focus  by  making  a  can- 
dle the  objeit.  To  do  this,  move  the  lens  or  the 
candle,  and  the  ffflpcr  for  receiving  it's  image,  fo 
that  when  the  image  is  moft  diftind:  the  lens  may 
be  exaiflly  between  the  other  two  j  then  halve  the 
diftance  between  the  obje<3  or  it's  image,  and  the 
lens  is  the  focal  diftance. 

3.  If  a  fmall  hole  about  1  or  ]-  of  an  inch  be 
made  in  the  window  (huttcr  of  a  darkened  room, 
and  a  lens  and  piece  of  paper  be  held  behind  this 
hole  at  proper  diftances,  the  place  where  the  image 
of  the  hole  is  diftindleft,  may  be  determined  very 
critically,  and  from  thence  the  focal  length  may  be 
found  by  the  foregoing  rule.  •    ' 

■  4.  By  the  fun's  image.  Place  the  lens  fo  that 
it's  axis  may  point  as  near  as  polTible  to  the  fun; 
then  holding  a  paper  oppofite  thereto,  the  burning 
point,  or  where  the  image  of  the  fun  is  fmalleft, 
and  the  limb  moft  diftinifl,  is  the  focus.  This 
.method  is  fufficlently  accurate  for  fpeftacle  glafles 
and  reading  glaftes,  and  fuch  as  are  broad  in  pro- 
portion to  their  focal  length ;  but  will  not  anfwer 
for  lenfcs  of  a  long  focus,  unlcfs  they  are  fufficicntly 
long  to  exhibit  the  folar  fpots ;  becaufe'in  ihelc 
calcs  the  image  is  only  a  glare  of  light  without 
3  diftint^cfs; 
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diftirtflilefi;  bur  the  mconveniences  may  be  removed 
by  the  follouring  method. 

5.  Cover  the  lens  with  a  piece  of  pafteboard 
tk  pdper,  and  fnake  two  i'ound  hote»  therein  at  ant 
tqual  diftance  from  the  edge  of  the  lens,  and  on 
one  of  it's  diameters.  The  lens  being  thus  covered, 
point  it's  axis  to  the  fun :  now  if  a  paper  be  held 
behind  the  lens,  you'  will  find  the  two  circles  or 
tvhite  fpots  produced  by  the  two  holes,  gradually 
d]f)proach  nearer  to  each  other  as  the  paper  is  moved 
further ;  at  laft  they  will  coincide ;  and  if  the  paper 
be  rtidved  ftilL  further,  they  will  again  feparate. 
The  diftance  of  the  paper  from  the  glafs  when  the 
circles  unite  beirig  mcafured,  gives  the  focal  dif- 
tftnce. 

To  FIND  THE  Focal  Length  op  a  Concave  Lens. 

Let  the  lens  be  covered  with  paper,  having 
two  fmall  circular  holes ;  and  On  the  paper  for 
receiving  the  light  defcribe  alfo  two  ftnall  circles, 
but  with  their  centers  at  twice  the  diftance  from 
each  other  of  the  centers  of  the  circles.  Then 
move  the  paper  to  and  fro  till  the  middle  of 
the  fun's  light,  coming  through  the  holes,  falls 
exadly  on  the  middle  of  the  circles;  that  diftance 
of  the  paper  from  the  lens  will  be  the  focal  length 
required. 

To  FIND  THE  FoCtrS  OF    A    PtANO-doMVEX   AND   A 

Plano-Concavk  Lens. 

By  fimilar  experiments  you  will  find,  1.  That 
ihe  focus  of  a  plano-convex,  or  of  a  plano-concave  * 
glafs,  is  equal  to  a  diameter  of  it's  convex  or  con- 
cave furface,  that  is,  of  the  whole  fphere  it  be- 
kings  to. 

P4  3.  That 
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a.  That  the  focal  diftance  of  a  double  conf--' 
vex  or  double  concave  glafs,  of  equal  convexities' 
or  concavities,  is  equal  to  a  femi-diameter  of  cither 
•of.  it's  furface»;-and  confequcntly  that  the  focal 
diftance  of  a  glafs  of  unequal  convexities  or  con^ 
cavities,  will  have  an  intermediate  length  betweea. 
a  diameter  and  fcmi-diameter,  of  .that  fur-face 
which  is  moft  convex  or  concave. 

To  MEASURE  THE  FoCAL  DISTANCE  OF  A  GlOBE  OF 

Water  and  of  Glass. 

Take  a  hollow  globe  of  glafs,  or  inflead  of  it 
at  thin  round  flalk  or  decanter,  a-nd  making  a  mo- 
derate round  hole  about  an  inch  diameter,  in  a 
Eiece  of  brown  paper,  pafte  it  on  one  fide  of  the 
elly  of  the  decanter;  and-  having  filled  it  with 
water,  hold  the  covered  fide  to  the  fun,  that  the 
perpendicular  rays  may  pals  through  the'  middle  of 
the  water,  and  the  emergent  rays  wiU  be  colletSed- 
to  a  focus,  whofe  neareft  diftance  from  the  decan- 
ter will  be  equal  to  the  femidiameter  of  the  belly- 
of  it;  as  will  appear  by  receiving  the  rays  upon  a 
paper,  held  at  that  diftance.  That  this  efftA  is- 
owing  to  the  water,  and  not  to  the  glals,  will  be  evi- 
dent by  emptying  the  decanter;  for  the  light  that 
pafies  then  through  the  hole,  will  then  be  as  broad 
as  the  hole  itfelf,  at  all  diftances  of  the  paper  from- 
the  decanter.  If  a  limilar  experiment  be  tried, 
with  a  folid  globe  or  ball  of  glafs,  the  diftance  o( 
the  focus  from  the  neareft  part  of  the  ball  will  be 
one  quarter  of  it's  diameter. 

To  FIND  THE  Vertex  or  Center  or  a  Lens. 

Hold  the  Jens  at  a  proper  diftance.  from  the 
eye,  and  obferve  the  two  rejielted  images  of  a  can- 
dle made  by  the  iwo  lurfaccs.    Move  the  lens 'tilt 

thefe 
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thefe  images  coincide,  and  that  point  is  the  ver- 
tex; and  if  this  be  in  the  middle  of  it's  furface, 
the  glafs  is  truly  centered,  othcr^ife  it  is  not. 

The  theory  of  real  images  is  eafily  illuftrated 
by  experiment.  For  this  purpofc  I  fliall  draw  a 
long  line  on  the  table^  and  place  this  convex  lens 
at  A,  fg.  7,  pL  2,  whofe  principal  focus  arc  at 
F  and  f.  Now  fel  off  thcfe  diflances  on  each  fide 
of  A,  and  then  fet  off  the  diftanccA  F  on  the  part 
of  the  Hne  A  B,  marking  the  parts  fo  fet  oif,  i,  2, 
3,  4,  &c.  On  f  D  make  f  1  equal  to  A  f,  and  divicfe 
it  into  f 4.,  f^,  f i,  &c.  fo  that  thefe  parts  be  re- 
fpeAively  equal  ^  i,  i,  8:c.  of  f  r  or  A  f.  This  done, 
let  us  darken  the  room,  and  place  a  lighted  candle 
over  the  divifion  marked  i;  the  image  of  the  can- 
dle will  then  be  feen  diftimft  but  inverted,  upon  a 
paper  held  over  the  correfponding  fratition  on  the 
other  fide  at  4.  If  you  place  the  candie  at  3  or  4, 
the  paper  for  receiving  the  images  mull  be  held 
over  i  or  i,  &c.  So  that  if  the  candle  be  moved 
from  »  to  an  infinite  diftancc,  the  whole  motion  of 
the  image  will  he  from  ^  to  f;  if  the  candle  be  at 
1,  the  image  will  be  at  1  on  the  other  fide.  If  the 
candle  be  brought  nearer  to  F,  the  motions  of  the 
im^e  and  candle  will  be  reciprocal  to  what  they 
were  before.  But  if  the  candle  be  placed  any 
where  between  F  and  the  lens,  there  will  be-  no 
image  formed. 

OfTHeDeGRKESOpBrIGHTNESS  AND  DISTINCTNESS' 

OF  AN  Image. 

Whatever  be  the  (hape  and  magnitude  of  the 
hole  in  the  paper  that  covers  part  of  a  lens,  the 
fliape  and  magnitude  of  the  image  will  be  the  fame 
as  when  the  lens  is  uncovered;  becaufe  any  fmall 
part  of  a  pencil  c^  rays  has  the  Gime  focus  as  the 
whole:  but  the  brightnefs  of  the  pidlure  will  be 
diminiflied 
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dirainiflied,  in  propdnion  as  the  hole  In  the  cavef 
is  diminifhed ;  becaufe  the  quantity  of  light  which 
illuminates  every  point  of  a  pifturc  i«  diminilhed  In 
that  proportion-  . 

A    GENERAL    Vlt*  OP  THE   PROPERTIES    AWD   PHE- 
NOMENA OF  SINGLE  LensES.  DEDUCED    TROM    THX 

Principles  already  advanced.  • 

Let  RF,  Jig.  I,  pi.  4,  be  conjugate  focii 
Pj  p,  theprincipal  foci,  ^y conjugate  foci  are  meant 
two  points  fo  fituated.  that  either  of  them  being 
the  radiant,  the  other  will  be  the/of«j. 

Then,  i.  Parallel  rays  falling  on  one  fide  of  a 
Convex  lens.  A,  will  be  rcfratftco  to  P.  or  p,  on 
the  other  fide,  ^^.  i,  pi.  41 

2.  Parallel  rays  falling  on  JHic  fide  of  a  con- 
cave lens.  A,  fig.  1,  pi.  4,  will  by  refradlion  diverge 
from  P,  or  p,  on  the  fame  fide. 

3.  In  a  convex  lens,  rays  divei^ing  from  P 
or  p,  fig.  I,  pi.  4,  will  emerge  parallel  on  the  other 
fide. 

4.  In  a  concave  Icns',  fig.  2,  pi.  4,  rays  con- 
verging to  p  or  P,  will  emerge  parallel,  going  out 
on  the  fame  fide. 

5.  In  convex  lenfes,  rays,  fig.  l,pl.  4, diverging 
from  R  beyond  P  will  converge  to  F  beyond  P, 
and  the  contrary. 

6.  In  convex  Icnfes,  rays  diverging  from  R^ 
fig.  3,  pi.  4,  which  is  nearer  P,  will  diverge  from  F 
on  the  fame  fide  with  R. 

'7.  In  convex  lenfes,  rays  convcrging-to  F^jf^. 
4,  pi.  4,  will  by  refradtion  converge  to  R,  nearer 
than  P  or  f. 

8.  Inconcavelenfes,raysconverging  to  R,/^. 
3,  pi.  4,  beyond  P,  will  diverge  from  F  beyond  p, 
and  the  contrary. 

9i  In 
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9.  In  concave  Icnfes,  rays  convei^ng  to  F, 
jti.  5  and  6,  pi.  4,  nearer  than  p,  will  by  refraftion 
converge  to  R  beyond  F. 

10.  In  concave  icnfes,  rays  diverging  from  R, 
Jff.  7,  pL  4,  hearer  than  p,  wilL  diverge  frdm  F 
nearer  than  p. 

I  r.  In  concave  Jenfes,  rays  diverging  from  R, 
J?i'.  8,  pi.  4,  nearer  than  p,  will  diverge  from  K 
nearer  ftitl  than  p. 

A  menifcus  may  be  confidcrcd  as  convex  or 
concave,  according  as  the  center  of  it's  inner  fur- 
face  is  further  off  or  nearer  than  the  center  of  the 
outward  furface. 

The  length  of  an  objed  is  to  rhe  length  of 
the  image  made  by  a  lens,  as  the  diftance  of  the 
objetS  from  the  center  of  the  lens,  to  the  diftancc 
of  the  image  from  tha  lens. 

The  area  of  the  objed  is  to  the  area  of  the 
image,  as  the  fquare  of  the  objed's  diftance  from 
^e  lens  is  to  the  fquare  of  the  image's  diftance 
therefrom. 

A  convex  lens  magnifies  an  objed,  when  it  is 
nearer  than  twice  the  principal  focal  diftance;  but 
if  further  off*,  the  objed  is  diminilhed. 

A  concave  lens  dtminilhcs  an  objedt  in  all- 
cafes. 

If  the  objeift  and  it's  image  be  both  on  the 
feme  fide  of  the  lens,  the  image  will  be  ereU ,•  if 
they  be  on  different  fides,  the  image  will  be  in- 
vtrted. 

When  the  obje<ft  and  image  are  on  different- 
IJdes  of  the  lens,  as  the  object  approaches  the  lens, 
the  image  recedes  from  it;  or  if  the  objciS  recedes^ 
the  im^e  approaches. 

If  the  objcA  and  image  be  both  on  one  fide  of 
thciens,  if  the  objetl  moves  towards  the  lens,  the 
im^e  alfo  moves  towards  it ;  and  the  contrary. 

In. 


u,.:,..X00gIc 


szd     Lectures. ON  Natural  Philosophy.' 

In  a  convex  lens,  if  the  objeft  be  beyond  tfie 
principal  focus,  it's  image  will  be  on  the  other* 
iidc  ol  the  glafs,  and  inverted.  But  if  the  objeft 
be  nearer  than  the  principal  focus,  the  image  wil> 
be  oh'  the  fame  fide  of  the  glafs,  and  e'retft. 

The  diflance  and  magnitude  of  the  image  may 
be  increafed  at  pleafure,  by  caufing  the  bbje<ft  tff 
approach  the  principal  focus. 

Jn  a  concave  lens,  the  objetHiand  image  are  al- 
ways oh  one  fide  of  the  lens. 

The  image  made  by  a  kns,  becomes  vifiblt 
by  placing  the  eye  to  receive  the  diverging  rays' 
going  from  the  image,  at  a  proper  diftancc  for' 
diftind:  vifMn. 

The  image  formed  in:  tlie  air  by  a  lens,  may 
not  only  be  fcen  by  the  eye  placed  in  the  divei^ing 
rays,  but  it  may  alfo  be  fccn  upona  piece  of  papei:' 
placed  at  the  focus. 

If  an  objcdl  be  placed  at  the  principal  focus 
of  a  lens,  it's  apparent  magnitude  at  any  place 
beyond  the  icns  will  be  invariably  the  fame,  and 
equal  to  the  apparent  magnitude  when  fcen  from 
the  center  of  the  lens  with  the  naked  eye ;  fo  that- 
the  apparent  magnitude  of  an  objed  placed  in  the- 
principal  focus,  will  continue,  whether  the-  eye  be 
moved  nearer  to  or  further  from  the  lens. 

The  nearer  the  eye  is  to  a  lens,  the  more  of 
the  objeift  appears;  the  farther  off,  led  of  it  is  |>ep- 
ceivcd. 

If  the  objed  be  nearer  than  the  principal- 
focus,  it's  apparent  mj^nitude  grows  lefs  in  going 
from  the  glafs.  If  the  objedt  be  further,,  the  ap- 
parent magnitude  is  increafed,  when  the  eye  goes 
further  from  the  glafs. 

If  the  eye  be  fixed  at  the  principal  focus,  the 
apparent  magnitude  of  an  object  will  be  invariably 
the  fame,  wherever  the  objcit  is-placcd  bej'ond'the 
gUft. 

u 
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If  the  eye  be  fixed  at  a  lefs  diftance  than  the 
principal  focus,  the  apparent  magnitude  of  ari 
bbjed  is  diminiftied,  though  by  flow  degrees,  as  it 
is  removed  from  the  lens. 

If  the  tfye  be  fixed  at  a  greater  diftance 
than  the  principal  focus,  the  apparent  magnitude 
of  an  objed:  is  increafed,  as  it  is  removed  from 
the  giafs,  till  it  comes  to  the  conjugate  focus  in 
refpeift  to  the  eye,  and  then  it  becomes  infinite  and 
confufed,  and  begins  to  be  inverted,  and  going 
further  oS  is  again  dimiilifhed. 

If  the  fye  and  (be  objeH  be  fixed,  and  a  coHt 
cave  lens  be  moved  from  either  of  them  to  the 
other,  the  apparent  magnitude  of  the  obje<5l  will 
decreafe  to  the  middle,  and  then  increafe  again. 

The  brightnefs  of  an  image  formed  by  a  lens 
from  a  luminous  objetft,  will  be  as  the  area  of  the 
lens  direAly,  and  the  fquarc  of  the  diftance  reci- 
procally. 

Tiiough  the  brightnefs  of  the  image  increafes 
with  the  area  of  the  glafs,  the  diftindlnefs  de- 
creafes;  for  it  is  only  the  rays  very  near  the  vertex 
that  are  refrafted  to  a  fingle  point  in  the  pifture; 
thofe  that  are  farther  oft"  deviate  more  and  more, 
and  thus  render  the  piiSure  confufed. 

Other  phenomena  of  lenfes  will  be  confi- 
dcred  in  the  courfe  of  thefe  Ledures,  which  can- 
not be  fo  well  treated  of  till  I  have  explained  the 
nature  of  vifion.  You  now  begin  to  be  acquainted 
with  the  properties  of  another  fubtil  agent,  whofe 
particles  are  immenfely  minute,  whofe  progrefs 
is  aftoniftiingly  rapid,  whofe  power  and  influence 
is  beyond  comprehenfion,  maintaining  an  inter- 
courfe  between  fyftems.  and  diffufing  numberlefs 
bleflings  in  it's  progrefs. 

You  have  Icen  that  a  body,  fit  to  refled:  light 
and  exhibit  colours,  when  placed  in  the  light,  not 
only  returns  the  rays  of  light  that  fall  upon  it,  to 
<  '  the 
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the  luminous  body  by  which  it  was  enlightened, 
but  fends  the  pidture  of  itfelf  quite  round  the  hc- 
mifphere  in  all  dircdlions,  and  to  every  point.  Place 
a  thoufand,  a  million  of  fuch  bodies  near  each  other, 
■each  perfornls  the  fame  operation  ;  the  rays  of  light 
and  their  colours  come  inflantaneous  to  the  fpec- 
tator's  eye  from  each,  without  being  difturbed  or 
diverted  in  their  pallage  by  the  numbcrlefs  rays  re- 
turned in  different  direiftJons  by  other  contiguous 
bodies.  You  have  feen  the  vehemence  with  which 
this  agent,  whofe  parts  are  fo  wonderfully  minute, 
adts  when  it's  rays  are  colleded  by  the  burning-glals*; 
that  no'lerreftrial  fubftance  was  capable  of  with- 
ftanding  it's  effc(fts  without  being  deftroyed,  or 
decompofed.  Some  of  the  eficifts  produced  by  glaffes 
of  different  figures,  have  been  explained  to  you. 
You  have  alfo  fecn  objeiRs  fcemingly  fufpendcd  in 
the  air,  where  nothing  was  to  be  found  that  was 
fenfible  to  the  touch.  In  the  camera  obfcura,  you 
faw  nature  draw  her  om'H  piifture  inverted,  and  in 
miniature  :  you  faw  a  piflure  painted  in  a  moment 
with  a  beauty,  a  vivacity,  and  foftnefs  of  colours, 
that  would  make  a  landfcape  drawn  by  the  firft  ar- 
tifts  appear  faint  and  languid :  the  pidure  of  the 
camera  was  animated,  the  trees  were  agitated  by 
the  winds,  the  flocks  bounded  upon  the  lawn,  and 
the  fun^beams  played  upon  the  water:  and  you  learnt 
that  all  thefe  fcencs  depended  upon  the  refrdnhn 
of  the  rays  of  light,  and  were  made  acquainted 
with  the  laws  of  this  refradion.  Inthexviith  Lec- 
ture you  will  fee  thefe  laws  applied  to  explain  the 
nature  of  vifion. 

I  cannot  finifh  this  Lcflure  without  pointing 
out  to  you  the  analogy  between  the  light  of  revela- 
tion, and  the  light  of  the  heavens  :•  the  fimilitude 
is  fuch,  that  the  language  belonging  to  one  may 
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.with  great  propriety  be  transferred  to  the  other. 
As  the  jirji  kno-wledge  of  religion  was  revealed  by 
God  ;  fb  thcfirji  material  light  was  created  by  hirpj. 
God,  who  alone  is  the  living  light  of  fpiril,  fou)^ 
and  fentiment ;  the  perpetual  fountain  of  every 
ftreamof  beauty  and  truth;  he  faid,  Lettherlbe 
UGHT;  and  inftantly  the  internity  of  his  ever-living 
light  kindled  up  an  externity  of  corporeal  irradia- 
tion, that  has  it's  effluence  from  him,  and  cannot 
beam  but  by  him. 

Though  the  folar  light  is  perpetually  fhining 
forth,  it  falls  very  unequally  on  the  world :  ■  in  fome 
places  the  day  is  equal  to  months,  in  others  it's  du- 
ration is  only  that  of  a  few  hours.  It  comes  pure 
from  it'i  fource,  but  often  meets  with  a  foul  at- 
mofphere  in  it's  courfe  that  obfcures  it,  and  changes 
it's  dirciflion.  It  Ihews  many  things  different  from 
vhat  they,  are,  but  never  mifieads  any  one.  It  . 
fliines  indifferently  on  all  objefts,  is  totally  rejcifled 
by  fome,  tranfmitted  by  others,  bent  and  diftorted  by 
a  third  kind,  and  ufefully  imbibed  by  a  fourth.  It 
is  the  means  of  the  knowledge  of  many  things,  yet 
it's  own  nature  Is  but  little  known.  It  enlightens 
and  enlivens  the  world,  and  promotes  the  vegeta-  ■ 
tion  of  potfon  as'wcll  as  of  wholefome  food. 

Is  not  all  this  equally  true  of  the  light  of  reve- 
lation, as  of  material  light  ?  They  that  cenfure  the 
one,  may  find  pretences  equally  ftrong  to  traduce 
the  other;  and  whatever  obje'caions  the  infidel 
points  againft  the  fcripturcs,  will  be  found  to  ap- 
ply equally  ftrong  againft  the  manifeftation  of  God 
in  the  vilible  courfe  of  nature. 
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LECTURE    XVI. 

Of  Catoptrics. 

AFTER  "having  explained -to  you,  as  concifely 
as  I. am  able,  the  laws  of  rcfraftion,  and  the 
cffcd:  produced  by  thcfe  laws;  I  fhall  proceed 
"to  explain  the  doftrine  of  catoptrics,  or  that  part 
.ofcpfics  which  treats  of  the  refieSlhn  of  light.  You 
will  here,  ^mong  other  things,  learn  how  .the  figure 
of  a  man  fix  feet  high  is  feen  in  a  glafs  mirror. not 
above  three  feet ;  how  in  a  convex  mirror  figures 
are  reduced  to  a  Lilliputian  fjze,  and  in  a  concave 
mirror  expanded  to  a  gigantic  fize ;  wonders  that 
the  curious  wquid  wilhlo.comprehend,  and  the  in- 
experienced to  examine. 

Before  Newton  publifhedhis  dvfcovciries  con- 
cerning the  nature  and  properties  of  light,  jt  was 
a  principle  generally  received,  that  the  rays  of  light 
were  retteifted,  as  other  bodies,  by  ftriking  on  their 
folid-and  impervious  parts,  as  you  fee  a  marble 
bound  when  Itruck  upori  the  pavement.  Ncwtop 
taught  mankind,  that  the  particles  of  light  are 
turned  back  before  they  touch  the.reflefting  body. 
hy  feme  power  which  is  equj(lly  diffufed  all  over 
the  furface  of  the  body. 

1,-f,  /ays  he,  the  rays  of  light  were  reflefted  by 
impinging  on  the  folid  parts  of  bodies,  their  re- 
flettions  from  folid  bodies  could  not  be  fo  regular 
as'theyarc;  for  however  polifhed  the  fmootheft 
objert  may  feem  to  our  fight  and  touch,  yet  it  is 
in  fact  one  continued  aflcmblagc  of  inequalities. 
For  in  polifhing  glafs  with  fand,  putty,  or  tripoly, 
it  is  not  to  be  imagined,  that  thofc  fubAances  can 
by  grating  and  fretting  the  glafs  bring  all  it's  Icaft 
oarricles  to  an  accurate  polilh,  fo,that  all  their  fur- 
faces 
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faces  ftiall  be  truly  pUn«,  or  truly  fpherical;  and 
look  all  the  fame  way,  or  compofe  one  ■even  fur-i 
face- .  The  fmaller  the  particles  are,  the  fmaller 
yiil  be  the  fcratches  by  which  they  continually 
wear,  away  i^  gl^fs  "iii^il  ^^  be  poliftied;  but  be 
they  ever  fo  fmall,  they  can  wear  away  the  glaft 
no  ocherwife  than  by  grating  and  fcratching,  and 
breaking  the  protuberances,  and  therefore  polifli 
it  no  otherwife  than  by  bringing  it's  roughnefs  to 
a  very  fine  grain,  fo  that  the  fcratches  and  frettinga 
of  the  furface  become  too  fmall  to  be  vifible.  From  ■ 
fuch  a  furface  it  cannot  be  fuppofed,  chat  rays  will 
be  refieifled  ^^ith  fuch  uniformity  as  we  ufualjy  ob- 
ferve ; .  on  thfi  contrary  it  is  highly  probable,  that  if 
light  were  refied:ed  by  impinging  on  the  folid  partq 
Vf  §Iafs,  it  would  be  fcattcred  as  much  by  the  moft 
poUihed,  as  by  the  rougheft  furfac;. 

It.  is  therefore  a  prohlem,  how  glafs  poliihed 
by  fretting  fubftances,,(;an  refled  light  in  fo  regu- 
lar a  manner;  and  this  prohlem  is  fcarce  otherwife 
tp  be  folved,  thaji  by  faying  that  the  refied:ion  of 
9  ray  is  not  effeded  by  the  refletiting  body,  but  by 
fome  power  of  the  body  which  is  regularly  diffufed 
all  over  it's  furface,  and  by  which  it  ads  upon  the. 
ray  without  immediate  contad:,  fo  that  it  is  re- 
fleded  before  it  arrives  at  the  furface. 

A  ray  of  light  can  fall  but  two  ways  upon  a 
mirror,  that  is,  cither  perpendicularly  or  obliquely;  ' 
and  experience  has  proved,  that  when  light  is  re- 
fleded,  the  angle  of  refieBion  is  always  equal  lo  the 
angle  of  incidence.  Thus,  fuppofe  ab,  ji^.  2^, pi.  t, 
to  be  the  furface  of  a  plane  mirror,  if  a  ray  of  light 
f  c  'falls  perpendicularly  thereon,  it  is  reflecied  in. 
the  fame  diredion,  making  ftill  a  right  angle  with 
the  mirror.  If  it  falls  in  an  oblique  direction,  &c. 
it  is  refleded  in  the  diredion  c  d,  making  with  the 
mirror  the  angle  of  reAedion  deb  perfedly  equal 
to  the  angle  of  incidence  e  c  a.  '. 
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r  {hall  proye  this  to  you  by  two  experiments  t 
6rft,  I  (hall  let  it  ny  pafs  through  a  hole  into  a  dark 
chamber, and  fall  obliquely  upon  a  |^ane  mirror; 
you  will  find,  that  at  equal  difences  from  the  point 
of  rcflciftioh,  the  incident  and  reflwflcd  ray  will  be 
the  fame  height  from  the  furface. 

It  is  more  accurately  proved  t^.the  brafs  cir- 
cle ufcd  before,  jff.  5,  pi.  a.  I  place  the  two  ndii 
at  equal  angles  from  the  diameter:  now  if  you  look 
through  the  hole  or  fight  down  upon  the  center  of 
the  mirror,  you  will  fee  the  point  of  the  other  radii  j 
1^  hich  proves,  that  the  ray  which  comes  from  thsC 
point  js  reflcAcd  from  the  center  of  the  mirror  to 
the  eye,  in  the  iame  angle  in  which  it  fell  on  .the 
ftiirror. 

This  axiom,  thatthe  angie  ^rtfieHifin  is  always 
'  equal  to  the  anglt  of  incideuce,  holds  good  in  every 
Cafe  of  refieition,  whether  from  plane  or  i^herical 
iiirfaces,  and  that  vrhether  they  are  convex  or  con- 
cave. 

All  rejfenion  is  reciprocal.  If  the  r*y  e  c,  after 
it  has  been  refle<^ed  in  the  line  d  c,  is  turned  back 
:igain  in  that  dtredion.  it  will  be  rcHeAed  into  e  c; 
therefore  if  deb  is  the  angle  of  incidence,  eac 
.win  be  the  angle  of  reAetUoii;  and  ii  e  cd  be 
the  angle  of  incidence,  deb  will  be  the  angle  of 
reflexion. 

'  This  general  law,  that  the  angle  of  incidence  it 
altoays  equal  to  ibe  angle  of  refeSion,  is  the  founda-  . 
tion  of  all  catoptrics,  and  is  fufficient  for  demon- 
ftrating  all  the  phenomena  thereof:  other  laws  are 
only  confequenccs  deduciblc  from  this  principle, 
or  applications  thereof  td  particular  effeiUs. 

With  refleded  as  with  refnuited  rays,  it  is  ne- 
ccfTary  that  feveral  rays  Ihould  ad  at  the  fame  t>me> 
in  order  to  make  an  impreilton  on  our  eyes  i  thefe 
rays  may  be  difpofed  diitcrently  with  refped  to  each 

other ; 
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btiicr ;  they  majr  be  cither  parallel,  convergent,  of 
divere;enc;  dnd  tht  furfacc  on  which  they  fat),  may 
be  cither  plane,  convex,  or  concave.  Each  of  thefd 
circumfttoccs  wt  fliall  confidef  feparately.- 

1.  Patallel  ray i  falling  upon  a  plane  tnirnr  &ft  , 
parallel  after  refleSioHi 

The  parajiei  rayj  d  (j/  c  a,  ji^.  i,  pi.  5,  are  rc- 
fle^ed  from  the  furface  a  b  to  h  and  k,  making  ch£ 
angle  of  rcHeiftlon  i  b  h  equal  to  the  angle  of  inci- 
dence f bd,  and  thtfangle  of  reRei^ion  gi  k  equal 
to  that  of  incidence  e  a  c  j  and  confequenily  from 
the  principle  of  geometry*  the  two  rays  d  b,  e  a. 
are  parallel  after  reflexion. 

This  may  be  proved  alfo  by  letting  two  parallel 
rays  {in  a  dark  chamber)  fall  upon  a  mirror;  and 
you  will  find  that  they  retain  their  parallelifm  after 
tefle&ion  in  every  inclination  of  the  mirror. 

2.  H^en  incident  diverging  rays  are  reflelled 
fr»m  a  plane  mirror. 

The  diverging  rays  db,  ca,  jiff.  2,pl.$,  are 
refleded  to  h  and  k,  and  have  the  fame  decree  of 
divergence  at  F  aa  they  would  have  had  at  E.  If 
they  had  gcmeon  in  their  firft  dirciftion,  the  points 
at  F  and  F  are  equally  dilbint  from  the  points  of 
contaA  a  and  b ;  therefore  the  divergence  of  thi 
rays  is  tbe/ame  after  refleSian  as  before. 

3.  When  incident  converging  rays  /ailing  upo* 
a  pUne  mirror  are  rtfeiled  therefrom. 

The  converging  rays  d  b,  c  a,  fig.  3,  pi.  5,  if 
the  mirror  were  not  interpofed,  would  meet  at  E, 
butareforefleifled  from  a  and  b,  as  to  make  the  aA- 
gles  of  reflection  ^  b  k,  e  a  h,  equal  to  their  ref pec- 
live  angles  of  incidence  f  b  d,  ea  c,  and  unite  In  F, 
a  p<)int  at  the  fame  diftance  from  a  and  b  as  the 
pomt  £:  their  convergence  after  reflexion  is  there- 
fore the  fame  as  he/ore  it. 

Let  us  now  confider  a  cMsiex  furface,  ajid  yoa 
«iU  find> 

<J  a  I.  ThK 
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I.  That  parallel  rays  /ailing  upon  a  convex 
Jurfaee  are  rendered  diverging  by  refie^iiim. 
,"_  ,2.  'Tb'at  converging  rays,  when  rejie^ted from  a 
ennvex  Juvface,-  hecoma  lejs  con'tfergeHt,  and  may 
be  rendered  pa^al  1^1,  or  even  diverging,  according  to 
the  degree  of  convexity  of  the'refleiftir^  furface,  ■ 
.  ■  .  3.-  Divergent  rays  ar£  fepdered  t^re  dii/erging,' 
^  that  a  convex  furface  always  tends  to, (patter  thc> 
i^i^s  by  diminilhingtheir  C(>i)Vergei}<;e;  ^pd  tncreaf- 
ing  their  divergence,  •    '.  ■        -   •  ... 

;  As  every  curvedfurface.rnay  be  confid^red  a». 
f^r-m^jlof  aij  iofinit?.  number  of  Opall  i^rait  lines, 
whicn  conftitute  the  elements  thereof;  I  ihali,_tft 
sender  thi&  fubJeA'  more  clear,  reprefen^  a  convex 
^rface  by  two  Orait-  lines  inclined  to-  each 
^ther:  by  thus  making  the  elements  confpicu- 
ous,  you  will:  more  readily  comprehend  why  thq 
tays  of  light,  v'hen  reflcded  from  a  convex  fmface," 
take  .a  different  dire£lion  from  what  they  had 
when  they  Jell  upon  the  mirror.. 

1^1  bd,  Jfg".  4,  />/.  5,  reprefent  a  convex  mir- 
ror, and  ab,  c  d,  parallel  rays  falling  .thereon;  and 
becaufo  the  angles  of  refledion  cbf,  hdi,  are 
always  equal,  the  rays  are,  as  you  fee  by  the  figure, 
rendered  diverging,  and  proceed  to  e  and  h. 

In-  the  fame  manner  the  converging  rays  ab, 
cd.  Jig-.  ^,  pl>  5)  which  if  the  mirroi"  bd  were  not 
interpofed  would  unite  in  m,  have  their  direction 
jb  changed  by  reflediop,,  that  they  proceed  to  and 
unite  at  1,  much  further  from  the  points  of  con- 
tact band  d,  than  the  point  »;  and  you  mufl  per- 
ceive from  the  figure,  that  the  inclinatioii  of  the 
two  elements  b  d,  may  be  To  increafed  as  Co  render 
them  parallel,  or  even  diverging. 

Thus  the  rays  ab,cd,  fig'  6,  pi.  5,  which 
without  the  intcrpofition  of  the  mirror  would  di- 
yergc  but  very  little  at  m,  arc  thereby  rendered' 
more  diverging;  fo  that  they  we  much  furtjier 
Itpfilt  ¥  1,  than  at  m. 
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We  have' now  only  to  confidcr  the  direiflion 
of  rays  of  light  when  rcfltificd  from  a.concave  fur- 
face  •   and  here  you  will  find, 

1.  ^hai  parallel  rays  are  hy  refit fiion  made 
coMvergiiig, 

2.  That  converging  rays  become  more  conver- 
gent.  '     \         ^  ._ 

'3.  That  diverging  nrfs  become  le/s  divergent, 

A  view  of  the  diagrams  is  fiifRcien^  to  jpravt 
the  truth  of  thefe  propolitions. 

,  Let  b  d,  fig.'],  pi.  5,  repreferit'  a  concave  mir- 
ror; the  rays  a  b,  c  d,  which  were'^ralle]  before 
trefleiftion,  are  by  the  laws  thereof ,  made  to  ■.con- 
verge in'l,"  ■       ^  '    '  ■' 

The  rays  a  b,  c  d, /^.  8, /t^.  ^whic^^  withoux 
the"  rnterpofition  of  the  mirror,  would  unite  at  jjri, 
are  thereby  fo  reflefted  as  ro  meet  at  Y,  ncarfer'  tne 
[points  of  contaift  b  d  than  m. 

Laftly,    the  rays  ab  and  c  d,  fig.  $,  pi.   5, 
'which"  before  refledioft  were  divergent,  converge  . 
after  refleition  meeting  at  o. 

From  the  principles  thus  laid  down,  it  is  ealy 
to  fee  what  will.be  the  effcA ,  of  mirrors,  and  to 
explairt  the  principal  phenomena  which  they  oc- 
cafion.  By  a  mirror,  or  fpeculum,  we,  in  general, 
mean  any  fubtlance  whofe  furface  is  fufficiently 
poliflied  to  reflect  uniformly  the  greater  part  of 
the  rays  which  fall  upon  it,  and  to  exhibit  -  an 
image  of  the  objcds  placed  before  it.  They  arc 
generally  dividea  into  plain,  convex,  and  concave 
mirrors  :  there  are  bcfides  thefe  conical  and  cylin- 
drical, pyrjmidical  and  prijmatical  mirrors. 

Of  Plane  Mirrors. 

It  ■w;ill  be  neceftary  here  to  remind  you  of 

■what  has  been  already  mentioned  j  namely,  that 

9.  pqicil  of  rays  emanating  from  any  given  point  of 

Q  3  fpacc, 
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fpacef  is  the  nmns.  by  fv^ch  the  fight  afTures  U9, 
j;nat  ^  body  exids  it  or  ijo  that  point ;  it  is  plaio^ 
C^ereifofp,  that  we  are  li'«ble  to  deception  in  that 
fcfped  t  for  if  the  pencil  be  fo  affeded  by  fCt 
flediion  (or  refr^tflion}  as  to  proceed  with  diflfer- 
ient  divergency  or  direi^iion,  tHat  is,  in  the  fame 
jdiiediion  as  it  would  have  proceeded  if  coming 
from  fome  uther  point,  the  fcnfe  will  refer  the 
place  of  the  objcift  to  the  point,  which  is  in  the 
■  gire&ion  of  the  laftcourfe  oFthe  ray?,'  ' 

Iq  4  pl4^  mirror  a  b,  fig.  lO,  pi.  $,  the 
image  of  9n  objeA  c  appears  to  an.  eye'  at  e,  bc- 
fiind  the  mirror  in  .the  diredtion  eg,  aricl  fi^^'Vys 
in  the  iijtCffeiJiion  g,  of  the  perpendicular  c'^,  lind 
the  refici^ed  rajjf  g,  aifd  confequently  at  g,  is  far 
behind  the  mirror  a^  the  objeift  c .  is '  bcfor* 'if. 
We  .fhereforp  fee  the  image  in  the  fame  pladc* 
whercfflcyer  the  refleiilcd  ray  be  by  which  it  is  per^ 
ceived }  for  as  a  plane  mirror  does  not  alter  the 
j-clative  pofition  of  the  r^ys  which  fall  pn  it,  thi 
diverging  rays  proceeding  from  c,  are  refipdted 
towards  the  eye  f,  by  the  mirror  a.b,  with  the  fame 
degree  of  divergence,  and  have  their  imaginary 
point  of  union  g  at  the  fap>e  diHi^nce  behind  the 
mirror  that  c  is  before  it. 

tor  the  fame  rcafon  a  plane  mirror  does  not 
cha^e,  or  alter  the  figure  or  fizc  of  ohjefts ;  but 
the  whole  image  is  equal  and  fimilar  to  the  whole 
pbjetS)  and  has  a  like  fituation  with  refpcfl  to  one 
fiQf  Qf  the  plane  that  the  objed  has  with  refpeiit 
to  the  pcher;  for  the  converging  rays  Km,  Ln, 
jff.  i'l,'  pi.  5,  proceeding  from  the  extremities  of 
the  objc^l  K  L,-and  falling  upon  the  mirror  a  b, 
■arc  refleiflcd  towards  the  eye  e  with  the  fame  de- 
gree of  convergeiicc,  and  confequently  fhew  the 
image  k  1  under  an  angle  -equal  to  that  by  which 
phe  objed  would  be  fccn  from  the  point  i,  if  the 
tnirror  were, not  intci-pofcd.  ■  .  ■  ■ 
i  .,.'.  ■    '  Froin 
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From  what  has  been  explatned.  it  follows, 
that  if  an  objedl  K  L  is  inclined  to  a  plane  mirror, 
it's  image  k  1  will  be  inclined  thereto  in  a  con- 
trary dire»5lion. 

If  an  objedt  AB,fig.  12,  pi.  5,  be  placed  pa- 
rallel to  a  plane  mirror  C  D,  and  at  the  fame  dif- 
tance  therefrom  as  the  eye  o ;  the  part  of  the 
mirror  C  D,  on  which  the  rays  A  C,  B  D,  from 
the  objc<a  fall,  which  are  reflected  tothe  eye,  wilt 
be  oHf  half  the  length  of  A  B.  For  the  image 
being  as  far  behind  ilic  glafs  as  the  objcd;  is  before 
it,  the  rays  O  G,  O  H,  are  each  divided  at  the  mid- 
dle of  Ae  mirroF  C  D,  and  confequcntly  where  they 
only  fpread  half  as  much,  as  they  would  do  at  double 
thediftance.  Therefore  to  fee  thewholeofanobjeil 
Ht  a  mirror,  the  length  and  breadth  of  the  mirror 
•|huft  be  half  the  length  and  breadth  of  thtf  objeift. 
*  H«nce  if  the  length  and  breadth  of  an  objett  be 
'  given,  it  it  eafy  to  determine  the  iize  of  a  mirror 
that  will  Ihew  the  whole  of  an  objedt  when  'placed 
at  the  fame  diftance  therefrom  as  the  eye* 

Hence  a  perfon  viewing  himfclf  in  a  plane 
looking-glafs,  placed  upright,  will  fee  his  image 
complete  in  a  part  of  the  glafs,  whofe  length  and 
breadth  is  equal  Co  half  the  length  and  breadth  of 
the  correfponding  parts  of  his  own  body ;  and  this 
will  be  always  the  cafe  at  whatever  diltance  be 
ftands  from  the  glafs. 

A  fpedtator  will  fee  his  owo  image  as  far  be- 
yond the  fpeculum  as  he  is  before  it ;  and  as  he 
-  moves  to  or  from  the  fpeculum,  the  image  will,  at 
the  fame  time,  move  towards  or  from  him  oh 
the  other  fide  ;  but  apparently  with  a  double  ve- 
locity, bccaufe  the  two  motions  are  equal  and  con- 
trary. In  like  manner,  if,  while  the  fpedtator  is 
at  red,  an  objedt  be  in  motion,  it's  image  behind 
the  fpeculum  will  be  feen  to  move  at  the  fame 
rate.  And  if  the  fpcclator  moves,  the  images  of 
objcdis  that  arc  at  reft  will  appear  to  approach,  or 
Q  +  Kcede, 
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recede  from  him,  after  the  fame  manner  as' when 
he  moves  towards  real  objeAs  ;  plane  mirrbr^  rc- 
■fleifting  not  only  the  objcft,  but  the  diftartco  alfo, 
and  that  exactly  in  it's  natural  dimenfions. 

One  principle  is  fufficient  for  explaining,  with 
facility,  the  phenomena  of  objetfts  feen  in  k  plane 
mirror.  It  is  this:  7 bat  the  image  of  an  ohjeS,  ■ 
Jeen  in  a  plane  mirror,  i's  'always  in  a  perptndicklar 
40  the  mirror  joining  the  ohjeli  and  the  'image  ,•  and 
that  the  image  is  as  much  on  one  -fide'  the  mirror  at 
the  oi/eff  is  on  the  other.  With  the  afflftirtCe  of 
this  principle  and  a  little  geometry,  you  muy  iiea- 
dily  folve  the  principal  queftions  that  can'Bc  pro^ 
pofcd  on  this  fubjctit. 

The  celebrated  Archimedes,  at  the  fiegC'of 
Syracufe,  is  faid  to  have  deftroyed  thfe  (hvpi  3f 
Marcellus,  by  a  machine  compof<:d  bf  fpcculu'ms^ 
Since  a  plane  fpeculum,  in  theory,  reflcds  all  th* 
light,  which  is  incident  under  the  'fatne  affodtions 
with  which  it  was  incidejit,  the' rays  of -the  fuil 
coming  from  a  vaftly  diftant  obje&  may  fee  con-* 
,fidcred  as  parallel,  and  win  be  reHedied  paralUl  to 
each  other,  and  c'onfcqutlitly  will  heat  4nd  illu- 
minate any  fubftance  in  the  fame  manner -as  if  the 
fun  ihone  upon  it.  Two  fpeculums,  which- refle(Jt 
the  light  on  the  famofubftance,  will  heat  iC  twTce 
as  muc4i  2&  the-fuft's  direct  light.  ■  Three  will 
heat  it  three  limes  as  much;  and  by  increafing 
the  number'^f  fpcciilums,  a  prodigious  degree  of 
heat  may  be  produced. 

Though  a  plane  fpeculum  is  firppofed;  in 
theory,  to  reflefet  ail  the  light  which  falls  upon  it, 
yet  in  practice  "a/wfy/  half  ibe  light  is' loji  on  ac~ 
cout]t.-i»f  4he'iftaccurQcy  of  the  polifh,  and  the 
want  of  perfCGtopacity  in  the  fiibftance  of  the 
mirror.  Notwithhanding  this,  M.  Buffon,  in 
1 747,  cohftruiftcd  a  burning  machine  of  tl>is  kind. 
Iiconfiftcdbf  168  plane  mirrors,  each  8  inches 
long,  and  6  broad,  Ig  contrived  that  the  focal  dif- 
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tance  might  heyai-itfd,  and  aMb  theuumber  df 
gaffes,  M  occafion  required.  In  the  month  of 
iMarch,  •1747,  with  40  glafles  he  burnt  a  fdank  at' 
the  diibuKe  c^^bout  70  feet. 

■  '    'Of  Convex  Mirrors. 

Convex  mirrors  fpread  or  diverge  reflcAed 
wys;  they  render  parallel  rays  diverging;  they 
dimmifti  the  convergence  of  converging  rays ;  in 
fome  cafes  they  render  them  paratielj  and  cvcri 
divergent. 

Let  u«  fuppofe  an  c^jeft  d  e,  ^g.  1 3,  pi.  5, 
j^aced  before  a  convex  mirror  a  b.  Of  the  two 
cones  of  tzfs  proceeding  from  the  extremities  of 
the  objeity  the  rays  dp^:  and  e  p,  which  if  the 
mirror  wcrcnorinterpofed  would  proccid'ltf'and 
unite  ■  at  p;  are  reflected  lefs  -converging  on  the 
line  f  g  (  the"rays  d  K,  e  Ij  which  would  Rave  con- 
verged at  m,  -are  reflected  parallel ;  th*  two  rays 
dh,  and  e  i^  which  would  have  met  at  c  the 
center  of  tonvexity,  arc  refleiftcd  back  on  them- 
fe(ves,'bccaafe-of  the  perpendicularity  of  cheir-in- 
cidence ;  thty  are,  however^  diverging;  amJ  all 
the  rayS  proceedmg  from  points  beyond  the  two 
lalt  will  be  refloated  more  diverging.' 

In  Convex  mirrors^  as  well  as  th'ofe  that  ai* 
plane,  the  image  always  appears  ereA,  and '  be- 
hind the  reflcding  furface,  buf  differs-from  it  in 
other  refpeAs ;  for,  r .  The  image,  in  a  eoivex  mir~ 
ror,  is  always  /mailer  Iban  the  olje£f,  and  the  dimi- 
nution is  greater  in  proportion  as  the  objeiit  is 
further  from  the  mirror.  This  will  appear. clear 
to  you  on  refleding'oa  the  properties  of  a  reflect- 
ing convex  furface,  that  incident  converging  riys 
are  thereby  rendered  Icfs  convergent :  thus  let 
C  D,  fig.  14,  pi,  5,  be  an  objcft  placed  before  a 
■  convex  mirror  a  b,  rwo  rays  Ce,  Dd,  proceeding 

from 
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from  the  cxcremfcits  of  the  objeA;  theft^  if  the 
mirrcr  were  not  mterpofed.  would  CMTcrge  at  *; 
but  «f  reSeited  by  th«  mirror  lefr  converging,  ft» 
as  to  meet  at  i,  thus  forming  8  mow  acuKan^e; 
ttie  objri^t  appears  fmaller  than  it  would  have  done 
if  it  had  been,  viewed  from  tke  point  f.  2.  Jbe 
image  don  itot  appear  fit  far  iebind  the  refieliing 
Jttrface-as  in  a  p/aiu mirror.  Let  G,  fig.  ij,  pi.  5, 
(k:  a  point  of  any  objeift,  from  whcncie  a  diverging 
cone  of  rays  proceeds,  and  falls  upon  the  mirrorii 
ihefe  rays  are  reflected  more  diverging,  and  have 
coniequcncly  their  imaginary  focus,  or  point  of 
ur-.iOn  g,  much  nearer,  by  whifh  means  the  image 
appem  to  be  nearer  the  relieving  furface  than  the 
object;  and  this  ef>'t:ct.increafea  in  praportion  tft. 
the  convexity  of  the  mirror.  Concave  mirrors 
liavc  a  tzal  focus,  convex  mirrors  only  a  virtual 
focus,  and  this  focus  is  behind  the  mirror,  diftant 
therefrom  half  the  radius,  uf  it's  cuiv^xity. 

The  image  of  a  ftmit  objf<^,  not  too  fmalt, 
and  placed  paFallel  or  oblique  to  the  mirror,  is 
fcen  curved  ift  the  mirror,  becauli:  the  diifertfit 
points  of  the  object  are  not  all  at  an  equal  ditlance 
ttom  the  furface  of  the  mirror.  The  point  o,j(^.  14, 
\fl.  5.  for  example,  of  the  objcA  d  e  is  nearer  than  the 
reft  to  the  furtace  of  the  mirror,  the  extreme  points ' 
dc  are  more  diftam  ;  they  will  of  confeqgence 
be   reprcfented   behind  the    mirror,   at   diuancei 

Eroportit^ul  to  thofe  at  which  they  are  placed 
efore,  Whence  it  becomes  bent  or  curved. 

Of  Concave  Mirrors. 

t  have  already  fhewn  you«  that  it  is  the  pro-' 
perty  of  concave  mirrors  to  colic6l  the  rays  of 
light  they  refled,  converging  pairallel  rays,  in- 
crer.lng  the  convergence  of  thofe  that  are  already  - 
converging,  diminiOiing  the  divcrgoncc  of  di- 
verging 
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;r^gl.ng  rays,  in  fome  cafes  rendering  dir.m  paral- 
4el,  and  even  convergent.  Thefc  effcifis  are  ail 
in  proportion  to  the  concavity  of  the  mirror. 

-  The  point  where  the  rays  unite  is  called  the 
/ecus  of  the  mirror ;  but  this  focus  is  not  the  fame 
for  ail  kinds  of  incident  rays.  Parallel  raysab« 
idcj  falling  upon  a  concave  mirror  mo.  are  re- 
fledcd  fo  as  to  unite  at  F,  fg.  16,  pi.  5,  which 
point  is  dillant  from  it's  furface  ^  of  the  diamcttr 
.of  the  fphere  of  the  mirror;,  this  point  is  called 
the  focus  of  parallel  rays,  or  true  fofus  of  the  mir- 
ror. Converging  rays,  dich  as  f  g,  hi,  are  rcflefl- 
ed  more  converging,  and  unite  at  K.  between  the 
focus  of  parallel  rays  and  the  mirror.  Lafily,  di- 
verging rays  proceeding  from  a  point  furthw  frcnn 
t:he  mirror  than  the  tnie  focal  point,  as  Rm. 
R  o,  att  rcfted^  converging,  and  meet  at  a  poiac 
F,  further  from  the  mirror  than  the  focal  point 
of  parallel  rays.  But  if  the  point  K,  from  which 
the  diverging  rays  proceed,  it  nearer  the  mirror 
than  the  point  E,  they  are  diverging;  that  at  g 
would  proceed  tb  f,  and  that  at  i  towards  h. 

The  /»cus  therefore  of  parallel  rays  is  at  one 
fourth  the  diameterofthefphericity  of  the  mirror. 
The  focus  of  converging  rays  is  nearer  the  mirror 
than  that  of  parallel  rays ;  Ihic  the  focus  of  diverge 
ing  rays  is  more  diftant. 

Plane  and  convex  mirrors  exhibit  thetr 
images  as  if  behind  the  nrirror  and  trcA.  The 
cffe<;i  of  concave  mirrorsis  different;  theyonly  ftew 
the  image  behind  the  mirror  and  ereift,  when  the 
objeift  is  placed  between  the  mirror  ahd  the  focus  of 
parallel  rays,  and  then  the  im^e  is  larger  than  the 
objeft.  Let  ABjfjf.  ^^,pl•  5,  be  an  objeft  placed 
bctbre  a  concave  mirror  £  F,  but  nearer  than  the 
focus  of  parallel  rays :  the  two  rays  A  e,  B  f.  from 
-  the  extremities  of  the  objeiS;,  if  the  mirror  were  not 
interpofcd.  wpuld  converge  in  d ;'  but  are  reflected 
more 
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more  conT.ergii^,  and  unite  at  D,  and  there  form  a ' 
-larger  angle,  and  of  courfe  exhibic  the  image  a  b 
larger  than  the  objeifl. 

.  .  This  image  appears  further  from  the  back-fide 
of  the. mirror  than  the  obje(5t  does  from  the  fore- 
.fide,  LctA.jff.  li;  pL  5,  be  a  point  of  anyobjeft 
-placed  Qcarer  the  mirror  than  ifi  focus,  and  from 
.which.a  irone  of  diverging  rays  pioceedsf  bhefe 
-.-will  be  rcfleiftc4  lefs  diverging,  and  therefore  have 
.-their  imaginary  focus  a-  further '  6ff,  and  confe- 
quently  the  image  will  feem  at  ag^ekter  diftahce 
heiiind  the  mirror,  th»n  thp  objeift  is  from  the 
'front  of  ItJ  t 

,  .■  But  if  the  objeA  t(e  further  from  the  mirror 
thaoP,  ft>r  example,  at  e.jff.  1%,  pi.  5,  the  fays 
eb/exl,  divei^ing  but  little,  are  reflc<fted  conver- 
gcnr,and  exhibit  the  image  at  £  t  fo  that  if  the  e^ 
a  recedes  far  enough  to' receive  the  diverging-  ra^s 
.from  E,  it  »iU  perceive  the  image  at  E  between 
"itfelf  andthe  mirror.  The  reafori  is  plain;  eveiy 
j^nlightened  point  <iif  an  obje<ft  becoinca  viflble  by 
meansofa  cone  oif  diverging  rays  p'roceL'ding;Cherfi- 
-.Aom;  wc  ceafe  tofep  ic  if  the  ra^s  become  parallel 
or  converging,  which.happens  when  the  objetft  is 
further  from  the  mirror  than  it's  focal  pointF;  the 
eye  ihefcforc  mult  -'recede,  till  the  rays,  having 
crolTcd,  becqme  divergent* 

-,..,.■■  ihis  image  is  always  inverted,  as  ba,  the  image 
s}f  3  A.,  ^.  19,  ^/;  •5";  for  we -cannot  fee  the  whole 
x»f  anobjedt  A  B,  unleli  diverging  rays  from  it's  cx- 
treinities  fall  uponi  thceyc;  and- this  cannot  in  the 
.prefent  inftancc  take  plaice  till  after  thefe  rays  have 
■croircd  between  the  objcit  and  mirror,  by  which  of 
courfe  they  arc  inverted.   . 

I  (hall  endeavour  to  illuftratc  further,  by  a  dia- 
gram, the  theory  of  the  foci  of  -rays  reHcdted  by    ' 
a  fpherical  fpcculum.    Through  the  center  O  of  the    " 
Ipeculum  A, />.  5,  pi.  6,  draw  -an  indefinite  line 

BDi 
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BD;  bifeft  OA  in  Fi  from  the  points  Q  and  A/ 
divide  the  liMs  OB,  A  D,  into  parts  each  equal  to 
OF  or  FAj  marked  by  the  figures  i,-  2,3, 4.  5.  &Ck 
"And  from  F,.  take  on  each  lide  F  1.,  t-i-,  Fi,  Fj-, 
&c.  each  equal  to  the  whole,  or  4-,  i,  l,  &c.  .6f  FO,- 
FA.  Now,  if  in  the  lineOB,  the  point  i  er  2,,i,4, 
(kc.be  the  focus  of  incident  rays,  the  corrcfpondent 
point  i,or'i,\,ir,  &CC.  in  the  Hne OF,  will  be  the 
focus  of:  the  refieded  raya.  And  vice  verja,  if  the 
Uft  be  the  foci  ofincidencc,  the  former  will  be  th© 
foci  ifter  refiedion.  la  like  nianner,  if  \,  3.,  3,  4,* 
&c.  in  the  line  AD  be  the  foci  of  incidenj:e,  i,  i,T, 
k,  &c.  will  be  the  foci  of  refle<5led  raysr.aad  vice- 
verfa:  lb  that  the  focus  of  incidence  and- reflection 
unite  in-O  and  A :  and  their  motions  from  0.and  A 
Cowards  B  and  F  in  the  one  cafe,  and  towards  D  and 
F  in  the  other,  are  exai5ily'fim)lar,.F  being  the'  focus, 
of  parallel  rays  in  both  caf^.   . 

If  in  a  dark  room  a  lifted  candle  be  held  far- 
ther frpm  a  concave  fpecolHm  than  it's  principal 
focus  F,  as  fuppofe  at  1,  it's  image  will  be  feen 
diftinft,  but  inverted  upon  a  white-paper,  held  at  ■ 
the  corrcfponding  point  i.  And  if  the  candle  be 
moved  to  or  from  the  fpeculum,  fo  as  to  refain  the 
diftinift  image  thereof,  yuu  will  obtain  an  ocular 
proof  of  the  theory  of  the  foci  of  incident  and  re- 
fle<£ted  rays ;  when  the  candle  is  at  o,  the  paper  will 
be  there  alfo.  But  as  the  image  of  an  objeft  be- 
tween Fand  a  concave  fpeculum,  or  any  where  be- 
fore a  Convex  one,  is  on  the  other  fide  of  the  fpe- 
culum, in  either  cafe,  the  experiment  of  the  candle 
and  the  paper  cannot  take  place. 

.The- appearance  of  the  image  jn  the  air  be- 
tween the  mirror  and  the  objert,  has  been  produc- 
tive of  many  agreeable  deceptions,  which,  when 
exhibited  with  art  and  an  air  of  myftery,  have  been 
yery  fuccefsful,  and  a  fource  of  gain  to  many -of 
Qur  public /^oww^«.  I  vaa  well  pleafed  at  one  of 
..  J.        '  ■    -  thefe 
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thefc  exhibitions,  by  a  man  iii  Bond-ftreet,  where  i 
death-head  and  other  objcAs  wcte  exhibited  in  this 
mannert  in  fuch  a  way  as  to  furpriic  the  ignorant, 
and  yet  not  dilguft  ihofe  who  were  better  iD' 
formed. 

If  you  place  yourfclf  before  this  concave  mir- 
ror, but  farther  from  it  than  the  focus,  you  will 
fee  an  inverted  image  of  yourfelf  in  the  air  be- 
tween you  and  the  mirror,  but  you  will  find  the 
im^e  of  a  fmaller  fize  than  youtfelf.  If  you  hold 
mat  your  hatid  towards  the  mirror,  the  hand  of  the 
image  will  come  out  towards  your  hand,  and  when 
at  the  center  of  concavity  be  of  an  equal  fize  with 
k;  and  you  may  fhake  hands  with  this  aerial 
image.  If  you  move  your  huid  farther,  you  will 
find  the  hand  of  the  image  pafs  by  your  hand,  and 
come  between  it  and  your  body  [  if  you  move  your 
hand  towards  either  fide,  the  hand  of  the  image  wilt 
move  towards  the  other,  the  image  moving  always 
tfontrariwife  to  the  objeA.  All  thiS^  while,  thofe 
who  are  by-ftanders  fee  nothii^  of  the  image,  be> 
caufe  none  of  the  refietfted  rays  chat  form  it  enter 
their  eyes.  To  render  this  cfFeA  more  furprizing 
and  more  vivid,  the  mirror  is  often  concealed  in  a 
box. 

This  pleafing  and  fimple  experiment  has  been 
exhibited  as  an  iliuftnition  of  the  Newtonian  doc- 
trine of  fpa«e.  The  experiment  flicws,  that  by  an 
image  formed  in  the  air,  at  a  certain  diftance  be- 
tween a  concave  fpeculum  and  a  perfon  looking 
into  it,  extettfitn  a.na/orm  become  an  eijfff  of/ni/e, 
where  there  cxifts  neither  folidity  nor  fenfible  re* 
fifbmce.  But  this  does  not  [Mxive,  that  an  image 
can  be  formed  in  a  vacuum,  in  empty  fpace,  ot 
where  there  is  no  matter,  unlefs  it  can  ftrft  b« 
proved,  tbet  tkert  can  ie  w  matter  wbetr  ive  art 
not  Jenfihlt  9f  r^jlancf.  For  oQ  the  contrary,  it 
may  be  jnfened  from  HCim  phenomenon,  thK  thof« 
fpaces. 
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fjpactt,  which  in  i.  loofe  xnd  incorrrQ  fcnfe  vc  call 
i^mpty,  are  as  full  of  matter  as  thofe  in  which  we 
find  the  mod  folid  matter :  for  -as  our  corporeal 
,fenlt:s  can  be  only  afteded  by  matter,  they  arc  cer- 
tainly infallible  ftandards  for  dcterminii^  wbcie 
Oiatter  is;  fo  that  you  may  be  as  alTurcd  of  a  full- 
nefii  of  (natter,  v^here  you  /ee  any  thing  though  you 
cannot  feel  it^  as  you  would  be  certain  there  Mas 
DMlter  where  yau/elt  it,  though  you  could  nor/ee 
itj  or  though  it  were  of  the  nature  of  that  mitttr 
to  be  invifibte.  All  kinds  of  refieSed  images  Oxw, 
that  irherever  an  objeiA  can  be  formed  to  impre& 
the  fenfcs  of  fight,  th^re  muft  be  as  great  a  futlneb 
of  matter  as  in  the  original  obje<ft,  from  whence  the 
hnage  was  curicd  to  thofe  fpacem  where  it  U  s^ain 
renewed. 

Mr.  Fergufon  mentions  two  plcafing  experi- 
ments to  be  made  with  a  concave  mintH*,  whtcfa 
you  may  take  an  opportunity  of  trying  at  leifure. 
If  a  gre  be  made  in  a  large  room,  and  a.  fmoodi 
tnaht^oy  table  be  placed  at  a  good  difhuice  near 
the  wall,  before  a  large  concave  mirror,  fo  that  the 
tight'  of  the  fire  may  be  reflected  from  the  minw 
to  it's  focus  upon  the  table ;  if  you  ftand  by  tbe 
iaUe,  you  will  fee  nothing  but  a  longilh  beam  of 
light;  but  if  you  Aand.at  &me  diftsnce.  as  towards 
the  fire,  you  will  fee  an  image  of  the  fire  on  th« 
table,  large  and  ereiA :  and  if  another  pcrfon,  who 
knows  ^bing  of  the  matter  before  hand,  Ihould 
chance  to  cmne  into  the  room,  he  would  be  ftartled 
at  the  appearance,  for  the  table  would  feem  ttx  be 
on  fire,  and  by  being  near  the  wainfcot,  endanger- 
the  whole  houfe.  There  fliould  be  no  light  in  the 
toom  but  what  proceeds  from  the  fire. 

If  the  fire  be  darkened  by  a  fcreen,  and  a  large 
CantJIe  be  placed  at  the  back  of  the  fcreen,  a  per- 
son fbindii^  t^  the  candle  will  fee  the  appearance 
of  a   fiac  Uirge  Ajtr  or  rather  planet  upon  the 
3      •  tabl<, 
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table,  as  lai^e  asVenus  or  Jupiter  ;■  and  if  a  fmall 
uax  taper  he  placed  i^ear  the  candle,  it  will  appear 
as  a  Tatellitc  to  the  candle  ;  if  the  taper  be  nraved 
round  the  candle^  the  fafelJite  will  go  Tound  the 
plaoet.  Numerous  and  aftoniihing  are  the  pheno-'. 
mcna  that  may  be  produced  by  concave  mirrors  o 
one  or  two  more  I.  ftiall,  exhibit,  your  owa  inge- 
nuity ■«  ill  enable  you  to  vary  them. 

Stand  up  on  this  .{tool,  and  tell  me  what  yoU 
fee  on  the  pot  near  the  partition.  A  bunch  of 
flowers.  Put  out  your  hand,  and  lay  hold  of  them. 
They  have  evaded  your  endeavours,  and  you  find 
that  you  attempted  to  gralp.a  i^adow.  The  fenfe  of 
fight  is  certainly  fubject  to  the  greateft  illufion/and 
this  experiment  is  one  among  many  inftances.  To 
cxpfain  the  myftery,  go  behind  the  partition,  and, 
you  will  find  that  I  have  placed  a  mirror  exadtty 
facing  the  hole  in  the  partition.  ^  There  is  alfo  an 
Argand's  lamp,  fo  placed  as  to  throw  a  ftrong  light 
on  the  object,  without  throwing  one  on  the  mirror. 
The  bunch  of  flowers  is  fituated_  beneath  the  aper- 
ture in  the  partition,  but  inverted  fo  as  to  receive 
the  light  from  the  lamp.  The  fpace  between  the 
back  part  of  the  partition  is  painted  black  to  pre- 
vent any  retlcdion  of  light  from  falling  on  the  _ 
mirror.  The  reft  is  exadtly  fimilar  to  what  you  have 
already  feen,  and  what  has  been  already  explained. 

Take  a  glafs  bottle,  fill  it  partly  with  water, 
and  cork  it  in  the  common  manner;  place  this 
bottle  opposite  a  concave  mirror,  and  bcypnd  it's 
focus  that  it  may  appear  reverfed  j  then  place  your- 
fclf  ftill  farther  diftant  than  the  bottle,  and  it  will 
be  feen  in  the  air  inverted,  and  the  water  which  is 
actually  in  the  lower  part  of  the  bottle  will  appear 
to  be  in  the  upper. 

If  you  invert  the  bottle  while  before  the 
mirror,  the  image  will  appear  in  it's  natural  ereft 
pofition,  and  the  water  will  appear  in  tde  lower 
.       -  P"*^ 
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part  of  the  bottle:  while  it  is  in  this  inverted  Aate> 
uncork  the  bottle,  and  while  the  water  is  running 
out.  the  image  is  filling ;  but  as  foon  as  the  bottle  is 
empty,  the  illufion  ccafes.  If  the  bottle  likewife 
be  quite  full,'chere  is  no  illufion.  The  remarkable 
circumftances  in  this  experiment  are,  i.  Not  only 
to.  fee  an  objeft  where  it  is  not,  but  alfo  where  it's 
image  is  not.  2.  That  of  two  objeil^  which  arc 
really  in  the  fame  place,  as  the  furfacc  of  the  bottle 
and  the  water  it  contains,  the  one  is  feen  in  one 
place,  the  other  in  another,  &c.  It  is  fuppofed 
that  this  iUulion  arifes  partly  from  our  not  being 
accuftomed  to.fee  water  fufpended  in  a  bottle  with 
the  neck  downward,  and  partly  from  the  refem- 
blance  there  is  between  the  colour  of  air  and  the 
water. 

■As  parallel  rays  which  fall  on  a  concave 
mirror  are  refte£ted  fo  as  to  unite  at  a  focus ;  and  as 
the  fun  is  fo  remote,  that  the  rays  of  each  beam 
may  be  confidered  as  parallel,  theywill  converge  to 
the  principal  focus  of  the  mirror,  and  the  heat  pro- 
duced by  this  means  will  be  fufficient  to  fet  fire  to 
fuch  bodies  as  are  placed  before  the  mirror  at  the 
principal  focal  diftance,  that  is,  half  ifemidiameter 
of  the  mirror's  concavity.  The  different  degrees 
of  heat  at  the  focus  of  different  concave  mirrors,  is 
eftimated  in  the  fame  manner  as  we  have  already 
eftimated  the  power  at  the  focus  of  a  convex  lens. 

The  ancients  made  ufc  of  concave  mirrors  to 
rekindle  the  veftal  fires.  Plutarch,  in  his  life  of  . 
Numa,  fays  that  the  inftruments  ufed  for  this  pur- 
pofe,  were  diOies,  which  were  placed  oppolice  to 
the  fun,  and  the  combuflible  matter  placed  in  the 
center,  by  which  it  is  probable  he  meant  the  focus, 
conceiving  that  to  be  at  the  center  of  the  mirror's 
concavity. 

You  have,  no  doubt,  long-  fince  perceived  that 
there  is  a  great  refemblance  between  the  proper- 
ties of  convex  lenjes  and '  concave  mirrors.     Convex 
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lenfes  and  concave  nrirron  form- an  inverted  focat 
image  of  any  remote  objeA  by  the  convergence  af 
ihe  pencil  of  rays. 

Cancave  lenfes  and  convex  mirrors  have  slfp 
contiderable  refemblance  in  their  properties ;  they 
tn  general  form  an  ered  image  intjie  virtual  focuty 
1^  the  divergmce  of  the  pencil  of  rays. 

In  thofe  iaftruments,  as  telefcopcs,  vhofe  per- 
formances are  the  efFcda  of  refletSion,  thexoncave 
Tnlirror  is  fubftituted  in  the  place  of  the  convex 
tens>  and  the  convex  mirror  may  be  nfed  infiead 
^f  the  concave  lens ;  but  their  dijpofitiom  wirii  fe- 
fpe<5t  to  each  other  mu(t  necenarily  difler  frate 
-tnofe  of  lenfes>  on  account  of  the  opacity  of  the 
-oitCj  and  the  tranfparency  of  the  other. 

,  The  following  curious  experiments  by  Mr. 
King,*  are  too  important  to  be  palTed  over;  befides 
'^vhich,  they  have  an  intimate  relation  to  fome  of  the 
iubj«!h  already  treated.  Mr.  K.  placed  a  com- 
mon lize  candle  at  the  diftance  of  fix  feet  from  a 
■concave  glafs  mirror,  two  feet  and  an  half  in 
diameter;  andatthediftanceof  feventecnfeet  three 
inches,  he  placed  a  fecond  glafs  mirror,  two  feet 
diameter:  and  in  the  focus  of  this  glafs,  at  two 
feet  fix  inchei!,  he  placed  the  bulb  of  a  thermo- 
meter, graduated  with  Fahrenheit's  fcale.  In  five 
minutes  the  quickfilver  in  the  thermometer,  though 
at  as  feet  9  inches  from  the  candle,  rofe  8  degrees, 
namely,  from  6dto  68;  on  being  removed  from  the 
focus,  it  fell  again.to  6.  That  it's  n(e  was  not 
occafloned  by  any  additional  warmth  in  the  room 
was  certain,  becaufc  another  thermometer  which 
■  was  in  the  room  did  not  rife  at  all  in  the  interval. 
The  alteration  of  the  height  of  the  quickfilver  was 
.therefore  folely  owing  to  the  concentration  and 
convergency  of  the  rays  of  the  light  of  the  candle 
at  the  focus. 

He 

•  Se«  MorfcU  of  C[ilic{fni,  by  E.  King,  Efq.     * 

L  ..........Cooiilc 


Nature  and  pROPEiiTiu  or  Litin-t;      i^j 

'  He  then  removed  the  qandle,  aiid,  under  ^Ke 
nme  citcamAancesV  placed  i  Uttic  wite  gnte  4 
Inches  in  diameter,  containing  3  pieces  of  lighteo 
Charcot!/  and  caufing  ihem  Co  burrthrig^t  by  blow- 
ii^  a  common  pair,  of  bellows^  the  thermometer 
#as  agaiti  placol  in  the  focus  <  in  fix  minutes  it 
rofe  19  degrees/  from  60  to  79^,  althot^h.  the  heat 
of  the  room  was  no  way  rncreafcd  by  the  experi- 
inene,as  it  was  very  larger  One  remarltalbk  cir^- 
imMftafice  attended  this  experiment^  which  wu, 
tlut  chiro  was  ^ery  fenfibly  to  be  perceived  a  fduiB 
increafe  of  heat  the  whok  way  from  the  furface  of 
the  fecond  mirror  to  the  focus  1  whereas  when  tlw 
Txys  of  the  fun  are  made  ufe  ofy  no  fuch  increale  of 
heat  at  all  is  ever  perceived  within  the  conical 
tonvergency. 

„  After  making  fevcral  firfiriar  ezperimenrs^  all 
Of  iirttich  concurred  in  prttving  thai  the  effo^  vu 
produced  by  the  rays  of  light  and  heat  from  the 
Ignited  bodies,  Mr.  K.  placed  a  tea  urn  of  boil, 
in^  water  Iii  the  place  of  the  charcoal,  at  the  dif- 
tanccof  b  fee^  front  the  flrft  mirror^  and  placing 
the  thermometer  in  the  focus  of  the  fecond  mir'ror, 
in  the  fpace  of  five  minutes  the  quickfiiver  rofe 
cue  degree,  which  was  even  more  than  could  be 
(^pe^ed )  in  the  next  Bve  minutes,  the  thermome- 
ter adviinced  one  degree  more,  and  yet  the  other 
thermometer  in  the  rdom  remained  ftationary ;  in 
another  five  minutei^  the  f^eam  coolingi  the  ther- 
'inoTheter  began  to  defcend^  and  in  five  minutet 
Inore  the  quickfitVer  fell  dde  degree. 

The  ftfuk  of  thefe  experiments  is  clear  and 
tibvious :  ThiK  fire  is  in  a  degree  fubjed  to  the 
fame  kind  of  refieKthility  and  refrangitilitj  *  »ith 
the  nys  of  light. 

R  a  If 

*  tor  t  convex  leni  inieraored  between  the  mirm  aai  tfat 
iocUft  wtgoKnied  the  cSe&  of  hnt, 
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If  a  luminous  body  be  placed  in  the  focus  of 
a  concave  mirror,  it's  rays  will  be  refiefted  in  pa- 
rallel lines,  and  will  therefore  ftrongly  enlighten, 
at -a  great  diftance,  a  fpace  of  the  fame  dimenlion 
with  the  mirror.  If  the  luminous  objeifl  be  placed 
-■nearer  than  the  focus,  it's  rays  will  diverge,  aiu) 
■confequently  enlighten  a  larger  fpace.  It  is  on  this 
principle  that  reverberators  arc  conftrufied. 

But  few  articles  on  this  fubjed:  remain  to  be 
^difcufled.  I  have  only  to  Ihew  you-  how  to 
'find  the  principal  focus  of  thefe  mirrors,  and  then 
give  you  a  concifc  view  of  the  propenies  we  have 
'^already  inveftigated,  and  an  explanation  of  the 
-various  phenomena  of  piiftiires  viewed  in  a  con^ 
cave  fpeculum. 

To  FiHl)  THE  Focal  Lirgth  op  a  Spiiericai. 
Speculum. 

1^.  For  a  Concave  Speculum. 
Place  the  fpeculum- fo  chat  it's  axis  may  be 
nearly  towards  the  center  of  the  fun.  If  the  fpe- 
culum be  concave,  find  the  burning  point,- or  re- 
ceive the  image  upon  a  white  piece  of  paper ;  and  the 
diftance  between  the  focus  (o  found,  and  the  vertex 
of  the  fpeculum,  is  the  focal  length.  Or,  cover  the 
fpeculum  with  a  fheec  of  opake  paper,  in  which 
make  two  or  more  holes,  and  obferve  where  the 
:  beams  of  light  refle£ted  from  thefe  holes  unite, 
and  this  will  be  the  focal  diftance..  Or,  laflly, 
place  the-fpeculum  at  the  end  of  a  long  ubte,  in  a 
vertical  polition;  place  a  candle  at  tneoppoiice 
end  of  the  table,  fothac  it's  flame  may  be  oppofitc 
to  the  vertex  of  the  fpeculum;  then  take  apiece 
6f  white  paper,  and  having  fixed  it  to  a  flick,  place 
the  flick  in  the  focket  oi  a  candleflick,  fo  that  the 
pa|»eT-may  be  fuppoited  at  about' the  fame  height 
with  the  candle  i   then  move  the  paper  or  the 

candle 
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randle  to  and  fro,  till  the  image  of  the  candle  on 

thepaper  is  exjuftly  over  the  candle^ itfeH",  anfl'th^  . 

pbint  of  xoincidence  is  the  center  of  the  Ipectilumr' 

-2.  For  a  Convex  Speculum. 

Stick  two  rpund  opake  patches  thereon,  ab^: 
liold  a  whi.te'  paper  parallel  to  the  Ipeculnm,  a!i.d| 
jobferve  where  tne  ftiades  of  ihe  patches  fall  upoflt 
it,  &£  at  G,H,  fig.  I,  pi.  6;  flieafiH-e  exadly  th^. 
diftance  AG,  and  the  .diftance  laerwixt  the  centers, 
of  the  fhades  G,  H,  and  between  the  centers  of  the, 
^tchcs;  then  GH— AD<=e  Hj  to  AD,  fgis  AG 
(=:De)  to  AF,  jhc  diftance  reguife^. 

Or,  cover  it  with  paper,  having  two  pin  holes 
made/  oae  near  each  edge  of  the  mirror ;  expofe  it 
to  the  fun.  hoJdLng- %90ther  paper  before  it,  halving 
z  hole  Jarge  ej^gh  ,to  let  the  folar  rays  paif 
through  .to  theitw.o  pin  hole?.  You  wijl  fee  two 
white  fpots  of  reflected  iight  on  each  fide  the  Jhole; 
4nove  the  paper  backward  and  forward,  till  the  dif- 
fance  of  the.fpQtsjbe  t,wjce  the  diftajice  of  the  holes 
in  the  cover,  and  that,  diftance  »4,th^  paper,  frqw 
^  lem  is  the  princ.if^  /bcua.  -  ■  ,     . 

■    ■    ^  •         •  .    .    .  -^     . 

^General  PropertI|Es'  or  'Speculumj." 

To  ice  the  image  of  a'n  objaft  made  by  any 
ifoherical  fpcculum,  the-eye  jhulrbe  ph{:t?d  in  the 
diverging  rays,  facing  the  image,  and  at  a  proper 
diftance  for  diftmift  vijion.         •  ■  ■  ■   -^ . 

If  the  eye  be -placed  near  the  (pecidum,  i& 
ihe  converging  ray^  before  they  reach  the  image, 
it  -will  perteive  the  Image  of  the  DbjeCt  beyond 
The  gl aft,  and  at  the  fame  diftance  nearly  as  the 
objeift  is  before  it,  intl  of  the  fame  magnitude. 

If  an  image  be  viewed  with  both  eyes,  placed 
very  near  the  image,  and  in  the'  diverging  rayg 
■     *  R  3'      -      -  -  eith  * 
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frithcr  ic  will  not  be  feen  at  all,  or  it  will  appear 
double ;  for  th«  axes  of  ^hfr  eyes  caoaoc  both  hf 
diiie^ed  to  aji  objcA  extremely  jwar. 

Though  ai^  eye  cannfit  fep  ar)  im^^  in  tht 
ur,  except  it  be  placet^  in  the  diverging  nyi  \ 
ytt  if  that  image  be  received  o«  a  white  paper,  it 
fa$.i  be  feen  in  any  pofition  of  the  eye.  For  the 
rajrs  reflefted  from  the  mirror  to  the  image  and 
jbeyond,  flow  ^ut  in  that  one  dire<ftion  i  but  when 
rhe  image' is  received  on  white  paper,  the  rays 
*re  refl*«ed'in'eVery  direAion. 
' '  *  If  th«  eye  be  moved  whitft  ic  views  the  image, 
the  image  will  appear  to  be  moved;  for  rawft  will 
icome  fuccefTivcly '  to  the  eye  from  different  pointt 
of  th?  fpcculuml    ' 

If  an  oijf^  h  placfi  in  the  principal  foeut  of 
«  concave  fpeculum,  ic'i  apparent  magnitude  to 
the  eye,  at  any  place  whacfoever,  will  be  invariably 
the  ume,  and  ^ual  to  the  apparent  magnitude  to 
the  naked  eye,  when  fttn  from  the  center  of  the 
ipeeulum.  Coafequencly  the  apparent  m^nitude 
•af  an  objed  pkced  in  the  principal  focui,  will 
'^IwiTi  continue  the  fame,  however  the  eye  is 
mowed  backward  or  forward  from  the  fpeculum. 

The  nearer  the  «/e  is  to  the  fpeculum,  the 
more  of  thji  ob^e^  tppean,  and  vice  ver/a. 

If  thfc  bb|!s6  be  nearer  thtt  the  principal 
focus,  it's  apparent  ma^icude  grows  tefs  in  going  \ 
jffom  the  fpcct^in ;  if  it  be  further  off,  it  increafes.  ' 

The  appwvht  magnitude  of  an  objetft  will  bf 
invariable  wnerever  it  be  placed,  if  tbe  eje  be  at 
the  principal  fscms. 

:  When  the  eye  Is  at  t  lefs  diftance  than  the 
principal  focus,  uie  magniuide  of  the  objeft  de-^ 
crcaTes  as  it  is  moved  from  the  fpeculum. 

When  the  eye  is  fixed  at  a  greater  diftance 
than  this  focus,  the  apparent  m^nitudc  of  an 
objed  iucreafes  in  going  from  the  fpeculum  till  it 
'    :-■  arrives 
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arrives  at  the  conjugate  focus ;  then  it  is  alt.  con^ 
£u0on:  Afterwardi  it.  dtminilhes  again>  and  U 
.inverted. 

A  &ce  in  going  from  a  concave  dccreafts  to 
the^rincipal  focui*  and  then  increafes. 

•    Of  PlCTURXS  SEEK   lU  A  CoNCAVE  SpECULUM.  .  . 

^a  piiflurc>  drawn  according  to  the  ruies  of 
■perfpofUve,  be  placed  before  a  concave  fpcculum, 
9.  little  nearer  than  it's  principal  focus,  the  image 
of  the  pidure  will  appear  extremely  natural^  and 
very  nearly  like  the  real  one  from  whence  it  was 
itaken.  For  not  only  the  objetfts  are  greatly  mag- 
nifiedt  fo  as  to  approach  nearer  their  naciiral  iize  j 
but  dtey  have  alfo  di^^i'dl^  apparent  diAances, 
infomuchj  that  A  view  of  the  inudc  of  a  church 
appears  vefy  like  a  real  church ;  and  lacidfc^pe 
piaures  fs  the-real  objetfls  would  do^  fceji  fro;p  ' 
the  fept  *hcre  the  view  was  taken.  '.  . 

This  curious  phenomenon  will  be  ia  a'grcaf 
iveafure  accounted  for,  by  attending  to'this  dia- 
gram, ^^.  3,  ^/.  6.     Where  tlie  curve  pqcJsthe 
geometrical  image  of  the  ftrait  objeft  P  !1^^,  or 
that  curve  which  contain^  die  focj  of,airthe  pen- 
cils of  light  that  ^ivcr^  from  PR^  and  whofe 
.axctpafs  through  the  .cei;it.cr  a  pf  the  fpeculum 
/  3 AC,  after  their   rcfledion  by,  that  fpeculum^  • 
'  Now  it  is  proved  by  geometry,  that^  the  geome- 
trical image. of  a  cirpje  facing  th?,  .fpeculum,  and 
•whofe  center  is  at  Q,  and  .whofe "diameter  jj  P'R, 
will  be"  a  hollow  figure,^  formed  by  the  rotation  of 
,the  .curve  p  q  r>  round  the  axis  O  q,     l^  this  hol- 
low figure  is  fuppofed  to"  be  a  real  thing,  whofe 
iniide  furface  is  -varrbufly  diftinguifiied  into  parti 
.by  different  colours,  and  a  pidure  of  it  be  drawn 
..upon  the  circle  P  R,  the  point  of  fight  being  at 
•O;  a  fpcilator  placed  at  o,  would  bV  affcfted  much 
■  R  4  in 
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in  the  fame  manner,  by  rays  coming  to  him  from 
the  pidture,  after  refledtion'by  the  fpeculum,  as  he 
would  by  rays  coming  to  hini  diredlly  from  the 
hollow  figure,  the  fpeculum  and  the  pidture  being 
removed  ;  for  in  this  cafe,  the  ho/low  figure,  and 
the  geometrical  image  of  the  figure  upon  the  circle, 
are  both  coincident. 

■  Again,  the  geonictrical  image  of  a  rc<5tan- 
gular  paraUelogram  A  B,  fig.  4,  p!.  6,  placed 
■where  P  Q  R  is,  fig.  3,  will  be  alfo  a  hollow  figurej 
but  more  like  a  pyramid  with  four  fides,  than  to 
the  figure  defcribed  by  the  rotation  of  the  curve 
p  q  r.  In  like  manner  a  leffer  parallelogram  with- 
jn  the  former  will  have  the  image  of  it's  fides  like 
thofc  of  the  former,  but  at  a  greater  diftancc;  and 
fo  likewife  the  fides  of  the  feveral  parallelograms 
c  d,  e  f,  &c.  will  have  their  images  in  a  feries  one 
behind  the  other,  the  middlemolt  being  fartheft 
of  all;  fo  that  the  geometrical  image  of -the  whole 
figure  does  fomewTiat  rcfemble  the  fruftrum  of  a, 
hollow  pyramid  with  four  fides,  and  which,  on 
account  of  the  greater  apparent  diftance  of  the 
fmaller  or  middle  parts,  appears  nearly  like  a  hol- 
low prilin,  a  feiftion  of  which  is  pst  r. 

Now  if  ps,  or  rt,  be  the  length,  and  st,  or 
pr,  the  breadth  of  the  infide  of  a  church,  a  per- 
fpetflive  view  of  which,  from  O,  is  drawn  upon  the 
plane  PR,  the  geometrical  figure  will  not  be  very 
unlike  the  church  itfelf.  For  the  pifture  upon  the 
plane  PR,  is  a  figure  properly  confiding  of  feveral 
parallelograms  dimtniOiing  towards  the  middle, 
,  after  the  manner  of  .thofe  above  defcribed  ;  and  if 
the  pidure  be  not  too  large  in  proportion  to  the 
fize  of  the  fpeculum,  the  curvities  arifing  from  the 
form  of  the  fpeculum,  will  not  be  very  confider- 
able.  But  as  mod  of  the  pencils  of  light  entering 
the  eye,  diverge  from  points  that  are  at  great  diU 
tances,  their  "different  divergencies  are  not  alone 

3  ,  ■■  fufficient 
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fufficicnt  for  determining  the  true  place  of  their 
foci :  and  the  apparent  image  of  a  blank  furfacc 
placed  at  PR,  will  not  appear  near  fo'  concave  as 
the  geometrical  image. 

Here,  however,  we  muft  have  recourfe  to  fome 
pther  caufe,  and  M'C  ftiall  find  many  concurring 
ones.  The  contiguous  parts  of  the  piifturc  of  the 
floor,  for  inftance,  form  a  long  fcrics  of  vifible 
ipiages,  contiguous  likewife  to  one  another.  The 
images  of  the  remoter  parts  appear  alfo  at  the  fame 
time  fainter  and  fmaller,  bccaufe  the  piftures  of 

■  the  remoter  parts  of  the  real  floor  diminifh  faftcr 

•in  proportion,  than  the  apparent  diftances  of  the 
images  of  the  pidlures  increafe;  fo  that  from  all 
theie  caufes  confpiring  together,  the  eye  receives 
much  the  fame  imprelTion  as  if  it  looked  at  a  real 
floor ;  in  both  cafes,  the  appearance  is  much  the 
fame ;  a  long  extended  furface,  a  little  diminished 

•in  breadth,  and  that  gradually,  ■  towards  the 
farther   end-    'In  like  manner  the    walls    appear 

'crcd:  and  extended  on  each  fide,  and  the  roof  above 
facing  the  pavement;  and  all  gradually  inclining, 
after  the  fame  manner  as  a  large  room  appears  to 
the  naked  fight  when  viewed  from  one  end,  Be- 
fides  the  above  helps,  the  windowtlights  in  the 
fides,  the  (hades  of  upright  objciSs  thrown  upon 
thepavement,  &c-  in  the  pi<itures,  do  alio  contri- 
bute their  fhare;  and  all  confpiring  together,  do 
fufficiently  outweigh  the  imperfeftions  of  the  ge<S- 
metrical  image.  So  that  inftead  of  a  diftorted 
pifturc,  we  fee  in  a  manner  a  real  church;  the 

■  great  magnitude  of  the  whole,  it's  vifible  conca- 
vity, ana  proportionable  length  and  diftanc©  of 
parts,  all  contributing  powerfully  to  excite  this 
idea.  Landfcapes,  &c.  are  in  like  manner  furpriz- 
ingly  improved  by  a  concave  fpeculum. 

Thcfe  phenomena  appear  rather  more  perfedt 
to  both  eyes  than  to  one  alone ;  and  the  appear- 
ance 
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jUKt  wtU  be  the  fame  to  one  who  does  not  ksioir 
9/^t  the  pi^ure  on  the  paper  reprcfcnts,  whicj^  ' 
proves  that  tht  faid  phenomena  are  not  founded 
upon  nfere  prejudice.  A  young  child,  who  had 
never  ften  any  thii^  like  what  was  reprefentcd, 
ihtyttgrcfffnvlu  ofjoyand  furprizc  upon  looking 
M  a  print  in  a  concave  fpeculum.  If  it  can  be 
faid  that  nature  i«  any  where  improved  upon.  I 
ithinlc  thif  is  the  place:  for  if  the  jn-int  or  piifhire 
ibe  fuMly  executed,  the  opportunity  we  have  of 
viewing  it's  image  without  any  extraneous  Hgfce 
intruding  into  the  eye.  is  an  advantage  we  cannot 
tnve  when  we  lode  at  remote  objeds.  and  it  pro* 
dudive  of  a  woitderfu|  ejfeft.  - 

Pr  VisiOK  ar  Light  ikplectbp  at  a  Convex 

SpECirLUM, 

We  have  very  little  to  add  to  what  we  havfc 
already  faid  on  this  fubjeA;  In  a  convex  fpecu- 
lum, the  images  of  objcdls  are  always  ieep  ened.  a 
£ttle  convexM  towards  the  cye^  and  diminifhed, 
yet  pretty  nigh  to  the  fpeculniA :  and  tKe  greater 
Che  convexity,  the  nearer,  the  fmaller,  and  th<e 
more  convex  will  the-imaget  of  <Ajed:s  be: 

If  the  fpeculum  be  a  pretty  large  fegment.  it 
will«xhibit  the  images  of  the  objeds  that  arc  {iretfy 
wide  afunder }  fo  tlw  part  of  the  cieling,  floor,  and 
jCwp  fides  of  the  room,  may  be  fecn  at  the  fame 
time,  the  :vholc  making  a  kind  of  pidure  ivciV 
agreeable  in  itt's  effcd:  and  the  nearer  the  eye  is 
to  the  fpeculum.  the  larger  will  be  the  field  of  die 
vifibte  images.  The  appearance  is  a  kind  of  awub 
hetween  the  abjeSs  them/elves  and  a  ^td  pidure  »f 
them  on  a  fiat  Jurface  i  and  »p»»  tint  account^  and 
al/o  far  grouping  tife  oHeSs,  a  convex /feeultm  ^ay 
he  very  u/efitl  to  a  landfcapf  painter. 

If,  while  the  objetxe  and  fpecaluivi  repiaii^ 
fixedy 
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£xed,youinovetoorfromcherpecu)tHli«tIteiippftreiit 
jplaces  and  magnitudes  of  the  imagea  vill  mniii} 
invariable:  but  if  an  obje<%  moves  to  or  from  the 
Speculum,  it's  images  will  alfo  amKar  to  move  the 
contrary  way;  and  as  it  approaches  nearer  or  re- 
cedes farther,  it  will  appear  more  and  more  en- 
larged or  dimini&ed. 

If  a  convex  mirnn-  be  placed  againft  a  win- 
dow havi^K  an  extenfive  prolbcft,  or  facing  the 
find  of  a  Itreet,  the  great  multiplicity  of  objc*^ 
chat  are-feea  one  behind  the  other,  and  the  dimi- 
pucion  of  their  imaees,  will  fometimes,  after 
ponng  into  the  fpecuTum,  make  us  fancy  they  are 
a  great  way  off;  and,  perhaps  further  than  the 
objeilb  themfelves.  But  on  looking  more  atten- 
^vely.  this  miflake  will  be  correi^cd,  and  the  ap- 
parent places  of  the  images  will  not  difier  fenfibly 
from  their  real  pUces»  or  thofe  places  whence  the 
the  rays  diverge  to  the  eye; 

Or  VisioH  BT  Plans  SpsctrtUMs. 

We  have  already  explained  to  you  the  abllraft 
theory  of  images  formed  by  the  refle&ion  and  re- 
fijtdion  of  plane  and  fpherical  mirrors;  I  fball  nov 
confider  the  {Aenomcoa  of  vifion  by  plane  mirron. 

Obje^>  as  we  have  obferved.  feea  by  re- 
ISeAiod  <^  plane  fpeculums,  generally  ai^xar  Sa 
^feOt  and  natural,  that  if  the  fpeculum  icfelf  is 
mot  perceived,  we  are  liable  to  miftake  the  images 
for  ihi  real  objects  of  which  they  are  the  types.  A 
man  api>cars  alive,  corporeal,  and  not  a  mere  fur- 
£u:e;  and  any  feries  of  objeiSs  placed  beftnr  the 
j^>eculum  exhibit  alike  feries  on  the  other  fide,  all 
iu>pearing  in  tjieir  due  places,  agreeable  to  the 
theory  01  images  and  of  vifion;  with  this  ditfe- 
yencc.  that  the  images  appear  fomewhat  darker 
than  the  obje<ltg,  on  account  of  the  lols  of  light  by, 
Tcfle&i<»}  and  this,  when  the  images  are  remote.' 
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will  afFedl  their  apparent  diftancesj  and  more  efpcj. 
dally  if,  as  the  cafe  often  is,  part  of  the  floor  fuf- 
t4ining"the  real  objefts  is  not  fccn,  or  if  the  fpccu- 
lom  is  not  vertical.  But  when  the  images  are  near, 
thefe  caufes  have  no  fenfible  efFeft. 

When  you  fee  your  own  image,  or  that  of  aq 
objeft  behind  you,  ih  the  fpeculuin,  if  the  image 
be  ereft,  it  will  appear  inverted  as  to  right  and  leftj 
and  the  reaibn  is,  becaufe  the  objedt  and  the  im:^ 
face  each  other,  or  look  contrariwife.  The  cafe 
is  not  unlike,  when  the  objodt  is  between  us  and 
the  Ipeculum,  though  we  are  apt  to  make  it  diffe- 
rent for  want  of  confidering  that  it  is  the  back  of 
that  towards  us,  and  fo  call  that  the  right  fide  of 
the  objeft,  which  we  fliould  call  the  left,  if  we 
.were  on  the  other  fide.  The  phenomena  of  vifion 
sh  plane  fpeculums  agree  fo  well  with  the  theory 
of  images,  that  wc  need  fay  nothing  more  on  this 
head,  but  proceed  <o  explain  the  phenomena,  when 
two  or  more  ipeculums  ire  combined  together,  or 
when  one  is  placed  in  an  inclined  duation; 

If  a  plane  mirror  be  inclined  to  the  horizon  trt 
an  angle  of  45  degrees,  with  it's  face  dtnonwardsp 
an  upright  ohjeB  -will  have  it's  image  in  an  bortpion- 
tal  pofilion,  and  the  image  of  an  objeSl  lying  horizontat 
'zOi'/l  6e  ereS. 

If  AB, /^.  6,  pi.  6,  be  a  plane  looking- 
^afs,  with  it's  reflecting  furface  downwards,  and 
CD  be  an  objeft  parallel  to  the  horizon,  then 
the  mirror  A  B,  which  makes  half  a  right  angle 
will  make  half  a  right  angle  .with  the-objeflit 
Or  ABC  will  bean  angle  of  ^t^".  Now,  at  what- 
ever diftance  a  point  C,  in  the  objed  is  from  the 
mirror,  the  correfpondent  c,  in  the  image  will  ap- 
pear at  the  fame  diftance  from  the  mirror  on  the 
other  fide;  therefore  CE  will  be  equal  tocE:  for 
the  fame  rcafon  any  other  point  D,  will  be  jnft  as 
■far  diftant  before  the  mirror  as  it's  corrclpondent 
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point  d  is  behind  ii ;  fo  that  as  the  objcdt  femu  an 
si^le  of  45»<8i  one  fide  of  the  ibtrror.  the  image 
witl  -forn>  alfb  an  angle  (from  the  fame  angular 
point)  of  45'  on  the  ocher»  45  added-to  45  makli^ 
90°,  or  a  right  ai^e,  fo  that  the  image  is  porpendi- 
cular  to  the  objed:,  and  being  therU(H<e  perpendi- 
cular to  the  horizon  wiU  appear  ered.  For  the 
fame-i'eafMian  upright  object  will  have  it's  image 
in  an  horizontal  pofition;  confequcmly  if  you  ftaiw 
upright  before  a  mirror  inclined  to  the  horizAn, 
the  fac«  upwards,  you  will  fee  your  image  extend- 
ed horisonlally.  as  it  were,  oa  the  floor,  with  yoor 
face  upwards. 

Hehce,  if  you  look  into  «  plane  fpectilum,  in- 
clined tO'Ch£  horizon  in  an  angle  of  45%  but  with 
the  facexlownwards,  you  will  fee  yourfelf  as  it  were 
in  a-flyiiig  pofhire;  you  will  feem  to  be  fuf^anded 
h<»iMiatBlJy  in  the  air  with  your  face  downwards  ; 
and  if  the  fpeculum  is  fnfficicntly  long,  yon  wdl 
■ftem  to  fly  upwards  or  downwards,  as  you  walk  to 
bii  frtaithe  fpeculum. 

If  the  fpeculum  be  inelincd  in  any  other  angle, 
the  angle  of  the  image  will  be  varied  in.  the  fanK 
manner :  thefe  pofitions  ypu  may  eafily  vcrifj^  by 
ihEsins  of  n  coinmon  drdling-glafs,  as  the  inclina- 
tion thereof)  may  bo  ahered  at  picafure.  r 
'  On  chefe  principles  is  conftruded  Mi  opcicbl 
deception,  which  Dr.  Hooper  has  named  theiui'- 
malfd  bph'e  iaiis.  On  a  flat:  board  a  ferpentine 
groove  is  fbmed  in  fucb  ntinner,  that  if  the  boan) 
be  inclined,  and  a  fmall  ivory  ball  be  placed  at 
the  top  of  ihe  uppermoft  groove,  it  will  roll  with 
the  fame  velocity  till  it  gets  to  the  bottom.  This 
board  is  pincedina  box  in  which  there  is  a  look- 
inK-gtafsLlKlfWiDai  thai  the  board  appears  verti- 
cal, .and  the  lower  end  uppermoft ;  confequently 
the  ball  will  feem  to  roll  upwards.  When  this 
experiment   is  made  to  be  exhibited  in  public, 
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every  thing  is  contrived  to  conceal  the  principle/ 
and  heighten  the  d«lceptkrti'. 

7*  M^  mumper  tf  fiane  /pecuhmit  aH  lyiw  in 
th€  /mm  ptane,  tkert  ctut  te  Jtim/rm  tht  Jam* 
^aee,  wty  one  imagf  of  tht  famt  shjeSi  For  let 
there  be  ^vef  fo  fturtjry  they  have  onfy  the  cffb^ 
of  oiM  mirror,  and  the  objea  ii  feenrby  ivys  pro^ 
€«edinK  therefrom  to  the  eye. 

Jr  (Brf  tye  it  *t  h  fig.  7i  pi.  6,  witbii  the  m^ 
KbC,  formed  hy  /ow  fiame  mimrt  A^  BC,  it 
will  fee  as  many  images  of  an  9kje3  Oi  plated  aifti 
within  this  angle,  as  yon  can  let  fall  perpenditnlats , 
fue(^ffiv*ly  (tn  the  mirror  from  tbt'tijea  and  eOth  of 
the  imagesj 

Iv  Let  fial  the  pe^pendicafar  OD,  tki  the 
mirrof  RC;  make  ND  equal  to  NO/ and  the 
point  Dfr  if  1  be  the  place  of  the  image:  for  if  yw 
draw  I D  from  the  eye,  and  from  g,  where  t4  lAetW 
ihc  tnrtrott  draw  g  oy  yoii  will  find  the  a^l*  of 
incidence  OgN  tnpnS  to  the  angtc  fig-L 

1.  if  froto  &K  pdiOt  P  yoa  let  fidt  dta  the 
Mirr^  A  B,  the  pnrpendicuhrr  D  £/  and  inafce  k  B 
i=ik  Dy  the  ftAai  E  wifl/  fat  the  fame  real«% 
^  the  phcc  0f  dtt  fes«nd  im^,  Hitatt^M^eet 

^t  it  froni  £t6u  Ult  fait  oh  tfa£  minor  B  G^ 
a  pcipendicoiat  £ Q,  aodmKlKQF  equal  »E{J^ 
F  will  be  th£  pbin  of  the  dufd  inM4^«  of  wkicH 
£  it  the  objcd. 

4.  If  rromF<pttpen:diC'ulaftilrcfdil<Hi'ABy 
it  will  pafs  b^OjBd  9  to  FO, beyond  At  limits  of 
the  mirron. 

In  the  fame  manner  ydu  ^nay  Hfttr  Hat  there 
it  in  H,antmageoftheobje^O,  fcca  by  the  ray 
Ih,  refleded  by  the  incident  ray  Ohittid  a  fecond 
in  K.  fcen  by  the  ray  c  1>  seflkuA  fma  c  t,  re. 
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fleded  from  the  i&cident  ny  O  t,  chat  there  is  a 
third  in  L,  feen  by  the  incident  ray  O  I,  refleded 
in  1  a,  and  th«i  in  ■  k,  and  afterwards  in  k  I ;  and 
chat  there  can  be  no  more,  becaufe  the  perpendi- 
cular L.  M,  from  the  laft  ImagCj  falls  without  the 
mirror. 

Fnnnthefigureyou  willfee,  that  the  firft  image 
is  feen  by  one  refleded  ray  t  the  fecond  by  two  > 
the  third  by  three ;  and  fo  on. 

The  diftance  of  each  image  from  the  eye  ia 
equal  to  it's  incident  ray.  added  to  the  fum  of  it's 
refle^ed  ray. 

The  firft  im^e  is  bri^ter  than  the  fecond, 
the  fecond  than  the  third;  and  fo  of  the  reft : 
fin*  the  intcnfity  of  the  light  is  continuaty  dimi- 
nilhed>  a  confiderable  quantity  being  loft  at  every 
rtflc^tMu 

Tbf  Urger  the  angle  formed  iy  tbf  mimrt,  the 
fewer  the  numter  of  images ;  for  the  cathetus  of 
incidence,  feparate  from  each  other  by  an  angular 
motion,  equal  to  that  with  which  the  mirron  are 
feparaxed,  and  are  confequently  carried  nearer  and 
nearer  to  the  angular,  and  fall  fucceflively  beyond 
it;  fo  that  when  the  mirrors  form  a  right  angl^ 
there  can  be  but  two  images,  and  when  it  is  very 
obtufc,  there  can  be  but  one;  the  number  of  per- 
pendiculars that  can  be  let  fall  from  the  objetA  ot 
the  images  of  the  obje*^  on  the  two  mirrors. 

If  the  two  mirrors  are  parallel,  and  infinitely 
extended,  there  would  ie  a«  infinite  nmjnher  of  ima- 
ges 1  but  as  they  go  on.  (heir  diftance  is  gi^eater, 
and  their  brightnefjs  lefs;  they  therefore  loon  be- 
come inTenfible.  So  that  if  two  plaAe  mirrors  be- 
placed  parallel  to  each  other,  there  will  be  a  feries 
of  images  of  the  floor  or  fpace  between  them,  in- 
definitely uteoded  bpth  ways ;  there  being  no 
(»Her  limitation  of  their  number  than  what  is 
caufed  by  the  d^reafe  of  light  from  the  continued 
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refleflioris.  If  you  ftand  between  two  fuch  mirrors, 
you  will  fee  in  that  fronting  ytni,  the  images  both 
of  your  fore  and  back  part  repeated  feveral  tinies, 
but  continually  faiiiter  the  farther  off.    . 

On  this  _principle  are  conftruAed  a  variety 
of  ingenious  recreations  ;  particularly  thofe  that  are 
termed  the  boundlefs  gallery,  the  magical  mirrors. 

The  firft  of  thcfe  confifts  of  a  long  box,  fur- 
nifhed  at  eacli  end  with  a  mirror,  placed  direiHly 
oppolite  to  each  other ;  a  fmall  quantity  of  quick- 
filver  is  taken  off  from  one  of  them,  in  order  that 
you  may  view  thefe  in  the  infide  of  the  box  ;  two 
or  three  painted  fcenes  are  placed  in  the  box,  and' 
the  top  is  covered  with  gauze.  The  fcenes  being 
painted"  on  both  fides,  are  fucceflively  reflected 
from  one  mirror  to  the  other:  if,  for  example, 
the  painting  confifts  of  trees,  they  will  appear 
like  a  very  long  vifia,  of  which  the  eye  cannot 
difcern  the  end;  for  each  mirror  repeating  the 
objefts  continually  more  faintly,  contribute  greatly 
to  augment  the  illiifion. 

The  other  confifts  of  a  ftjuare  box,  with  four 
plane  mirrors  placed  perpendicular  to  the  bot- 
tom of  the  box,  certain  objedts  in  relief  are  placed 
on  the  bottom,  and  the  top  covered  with  gauze 
placed  floping-wife  like  the  roof  of  an  houfe, 
leaving  only  an  aperture  at  the  tc^  for  the  eye. 
When  yoii  look  in  the  box,  you  will  find  that 
the  mirrors,  from  being  oppofed  to  each  other, 
mutually  reflctS  the  incIofeJ  figures ;  the  eye 
be.hoIds  a  boundkfs  extent  completely  covered 
\vith  thefe  objeds,  and  if  they  are  properly  dif- 
pofed,  the  jUufion  will  occafion  no  fmall  furprife, 
and  afford  great  entertainment. 

/a  a  finale  plane  mirror,  that  ts  made  of  thick 
glafs  v)itb  quickjilver  behind  it,  many  images  of  any 
bright  ehjeh,  as  a  candle,  may  befeen. 

The 


The  fiirft^  furface  of  the  glafs  bcmg  Tolid  2nd 
^liflied,  is  itfelf  a  mirror,  which  fcn^  baok  all 
the  rays  which  do  not  traverfe  the  glafj;,  ^nd  th»a 
ibrms  a  wealc  image  of  t;he  object.  By  lookii^  at 
a  candle  obliqtiely  in  i  mirror,  you  will  fee  ver/ 
evidently,  by  it'8  exhibiEJng  a  feries  of  images, 
-that  the  rays  of  I^hf  are  reflddted  fevcral  times 
between  it's  furfilces:  theimages,  however,  all  dc- 
creafe  in  brightnefs,  till  at  laft  the  rays  become  tod 
iaint  to  exhibit  an  image.  Thefe  aremore  diftln- 
^ifliable,  the  more  obLiquely  they  arc  viewed. 
This  phenomenon  proves  very  ,plr.>inly,  that  light 
fuffers  a  confidcrable  diminution  in  it's  paflage 
through  glafs. 

^  a  plane  mifror  turns  updn  an  axis,  the  aa- 
^lar  molion  of  Ihe  images  is  double  that  of  .the 
mirror. 

■Let  A  B,  fg.  2,  pi.  6,  be  i  mirror,  O  E  an 
incident  ray,  EF  a  reflected  ray.  Now  fuppofe  the 
mirror  to  turn  upon  an  axis  at  E,  and  to  take  the 
iituatjon  CD,  then  the  incident  OE  will  have 
GE  for  it'srcflciiled.Kiy..  Now  the  angle  f.EGi> 
which  exprefles  the  angular  motion  or  quantity^ 
that  the  refledled  ray  has  moved  from  it's  .firft 
■fituation  F E,  is  double  of  AEC,  the  angular 
motion  of  the  mirror.  If,  therefore,  the  imirro/ 
juoves  one  quarter  of  a  circle,  the  reflafled  ray 
moves  a  half  circle:  it  U. for  this .rcafon  that  the 
images  of  the  fun,  by  a  mirror,  move  fo  iaft^ 
and  hence,  alfo,  the  images  iihereof  rcfleifted  Iw 
water,  even  nearly  ^uiet,  ^W^"  much  agicataqf> 
pariifularly  -when  .received  at  fome  diHance  ftOJfk 
the  point  of  incidence. 

To  Judge  of  tbe  goodnefs  of  plane  mirrors.  Hav- 
ing endeavoured  to  explain  the  principle  of  the 
phenomena  of  plane  mirrors,  I  (hall  now  pro- 
ceed Tta  futA  robfervatiofts  as  may  enable  you  to 
judge  of  their  goodnefs.    A  fpeculum  fliould  b« 
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exadly  figured  and  well  polilhed.  The  goodncfs 
of  the  figure  of  a  plane  fpeculum  is  eafily  known, 
by  obferving  if  images  fcen  in  all  pofitions,  tfpe- 
cially  in  very  oblique  ones,  and  from  all  parts 
of  the  fpeculum,  appear  exadly  equal,  and  fimi- 
lar  to  the  objects;  that  is,  if  the  imagesj  efpe^- 
cially  the  remoteft  objeds  in  the  room,  appear 
natural,  without  having  any  part  of  them  diftorted, 
the  fpeculum  has  a  good  figure.  The  ftrait^dgea 
of  the  rails  of  wainfcot  are  good  objeds  for  the 
experiment.  A  plane  muft  be  exceedingly  erro- 
neous, that  win  diflort  a  face  looking  into  it,  be- 
caufe  the  rays  being  returned  almolt  diredly  back 
Co  the  eye,  fmall  aberrations  cannot  be  fenlible. 
But  if  two  perfons  look  at  each  other's  image  as 
obliquely  as  they  can,  they  will  foon  perceive  if 
the  fpeculum  be  faulty. 

It  is  deemed  a  very  difficult  thing  to  grind  a 
true  plane;  and  the  difficulty  of  making  a  good 
looking-glafs  is  ftill  greater,  becaufe  the  two  fidea 
Ihould  be  exa<^ly  parallel  as  well  as  flat.  If  the 
images  of  a  candle  feen  very  obliquely,  and  in 
different  obliquities,  and  from  all  parts  of  theglals, 
do  not  always  keep  pretty  nearly  at  equal  diftancea 
one  from  another  {  it  is  a  proof  that  the  fides  of 
the  glafs  arc  neither  flat  nor  parallel. 

The  better  a  fpeculum  is  polifticd,  the  brighter 
will  be  the  images  i  that  is,  the  eye  will  receive 
more  light  from  it.  The  darker  the  colour  of  % 
glafs  fpeculum,  the  higher  is  the  polifh.  Different 
glalTes,  though  equally  well  polilhed,  will  not  al- 
ways appear  equally  dark;  yet  generally  the  above 
rule  takes  place,  and  the  darkeit  Is  to  be  preferred. 
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•      LECTURE    XVII. 

On  the  Nature  of  Vision^ 

IT  has  beert  my  endeavour,  in  the  preceding  Lec- 
tures, to  refcuc  Philofophy  from  she  imputatibft 
fhe  has  lon^  lain  under  of  being  dangerous  to  reli- 
gion and  piety.  It  was  not  uncommon  formerly 
to  fufpCdt  every  one  who  profeffcd  to  purfue  the 
light  of  nature,  of  unfoundncfa  of  principles,  and 
of  a  fecrec  delign  to  undermine  the  nelief  of  a  Pro* 
vidence,  and  the  being  of  a  God.  Ndr  can  it  be 
denied,  that  there  has  been  ground  for  fuch  a  fufpi- 
cion ;  for  thofe  who  really  had  fuch  evil  deligns, 
proceeded  by  attempting  to  explain  the  furround- 
ing  phenomena  by  the  powers  of  nature,  and  thus 
endeavouring  to  confine  the  attention  of  mankind 
to  them  alone.  Bat  the  ilate  of  natural  philofophy 
is  now  altered  s  it  is  become  an  innocent,  inof-^ 
fenfive  fcience,  a  ufcful  minifter  in  the  tempte  of 
the  Lord, 

In  ancient  times,  nature  was  elleemed  an  ori- 
ginal fourceofbeing,  diftindt  from  theALMioHxY; 
matter  was  thought  to  be  pofiefled  of  a  being 
which  HE  never  gave  it,  and  the  elements  to  have 
their  differences  and  qualities  independent  of  bim. 
Thefe  notions  have  long  fmce  been  exploded,  and 
God  is  acknowledged  to  be  the  creator  of  all  things 
vifiblc  and  invilible.  it  is  now  clear.that  the  abftnt^' 
and  fenfible  efiences  of  nature  receive  their  perma- 
nency, and  her  courfes  their, ihibility,  from  the  cove- 
nant or  immutable  will  of  God;  her  fubftances,  both 
matprial  and  fpiritual,  together  with  their  primary  as 
well  as  fecondary  qualities,  their  applications  to  one ' 
.another;  their  niutual  alfedtions,  and  all  effects  and 
events  refulting  thercfrow,  being  derived  primaiilf 
from  no  other  ft»irce  thaiLthe  power,  the  -j/i/dom^ 
S  2  and 
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and  the  goodne/s  of  God.  Nature  w  the  work,  of 
God,  her  aifls  are  hn  aSa,  her  productions  his  gifts. 
her  every  operation  an  execution  of  his  will. 
■*'  Great,  then,  is  the  error  of  thofc  who  have  fet  up 
nature  as  a  firft  prirtciple,  in  tlie  place  of  Goo, 
wh<A%by  to  accoutK  for  phyfical  operations  and  |tr6- 
dwfiions^  for  nature  is  nothing  in  itfclf,  but  a  mete 
word  without  any  meaning  or  idea  beloi^ng  to  it, 
if  COTifidercd  in  any  other  view  than  as  thtit  l/ftem 
of  laws  whereby  God  upholds  this  vifitle  world, 
land  produces  the  infinite  variety  of  forms  and  ef- 
feds  in  it,  according  Co  an  eftabliflied  and  regular 
cOurfe  of  fubordinate  caufes  and  incafns;  and  coh^ 
fequently,  where  the  mind  terminates  it's  views  ih 
a  fuppofed  nature  as  a  fel'f-moving  ^ent  or  prin- 
ciple, it  robs  God  of  the  honour  due  to  bis  ma-- 
jefty,  and  transfers  it  to  an  idol  of  it's  own  mak- 
ing." 

The  Audy  of  the  human  frahie.  &c.  has  been 
r^rded  with  the  fame  unfavourable  falpicion  as 
^hilofcphy.  For  there  being  a  great  deal  of  me^- 
chanifm  in  the  human  compofition,  thofe  wh6  -zp- 
plied  to  a  clofe  examination  and  fhidy  of  tkCc  ma- 
chine, were  apt  to  think  too  (lightly  of  the  fpiritiial 
part,  infomuch,  that  it  has  been  a  current -faying, 
wherever  you  fee  riuree  phyficians-,  you  fee  xvo 
athetfts.  Bot.  I  do  not  appr<Atend  that  they  noW 
renin  the  fame  fenttments.  They  erred,  bccauft 
they  faw  that  the  undcrltandiiv  might  fometinia 
be  reftored  to  madmen  by  meoicuies:  they  knew 
that  fome  of  their  drugs  had  a  powerful  eif«B  i^xhi 
the  imagination,  (a  as  to  Wanln  it  with  fanguine 
hope,  tH- chill  it  with  depending  melancholy :  tbejr 
found  that  a  delicacy  of  tntlurc  in  the  fibres  at 
the  brain,  a  purity  of  the  circulatirig  juices,  hui  an 
influence  on  the  natural  talents,  and  occaiioned  m 
predominancy  of  fome .  one  of  the  principal  fau-  . 
moun  that  dilUnguilhcd  the  charaaers  (tf  tncn; 
.    .  that 
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that  VI  unnatural  preflure,  0r  9^  lictk  heterogenVoui 
mixture  in  the  medullary  fubftance  within  i^e  h^d, 
difablcd  rhe  foul  frqm  exercifing  her  fundions; 
and  chat  in  general  the  tefiQuc  and  colpur  of  our 
thoughts  depended  veiy  much  upon  (he  difpolition 
of  the  body.  Arguing  fron\  appfarances,  which 
vill  ever  miflead,  they,  im^inefl  th^t  powers  had 
been  afcrtbed  to  the  fouli  which  really  re(^ded  in 
the  body,  and  were  tempceci  in  an  eyil  hpiir  too 
haftily  to  conclude,  that  ftie  had  none  belonging  tO' 
her;  but  that  thought  itfelf,  with  all  it's  varieties, 
were  nothing  more  than  mere  coniigur»tion  and  a 
diverfity  of  motions  in  matter. 

**  Beginning  at  the  wrong  end,  an4  tracing  the 
intelleAu^l  operations  /ram  oi^anized  matter  a$ 
their  fourcc  and  caufe ;  they  could  not  bu,t  infer, 
that  the  caufe  being  taken  away,  the  effe^  muft 
neceffariiy  cenfe.'  Seeing  thyc  a  cantulion.  or  other 
ipjury  of  the  brain,  occafioqs  a  diforder  or  lofs  of 
the  un^erftanding  and  memory^  they  thence  argued 
thaf  the  brain  is  the  principal  caufe  or  foundation 
of  thefe  powers ,-  whereas  perception,  thought,  and 
memory,  do  not  flow  from  the  prain,  but  uom  the 
m'Md  into  it,  as  the  proper  medium  for  the  mani- 
feftation  of  the  intelleftual  powers.  The  defcdi:  or 
deftru^^ipn  of  the  organ  does  not  occafion  any  ab- 
folute  lofs  or  annihilation  of  intelle<S,.for  that  ftill 
remains  the  fame  in  it's  own  fpiritual  principle,  it 
only  binders  it  from  miinifefting  it's  operations  in 
the  natural  world."  To  fu[^fe  that  min/J  and 
matter  arc  the  fame,  becaufe  the  diforder  of  the 
body  apparently  influences  the  foul,  is  as  «brur4  as . 
to  fay  thac  the  art,  fciencr,  and  inteUigenee  of  a 
mufician,  ties  entirely  in  the  (h'ings  or  pipes  of  his 
inflrument,  becaufe  his  knowledge  is  more  or  lofs 
confpicuoui,  according  as  they  ^re  more  or  lefs 
(uoed.   It  is  a  fophiflry  that  can  only  dazzle  fuper- 
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ficiai  minds,  that  thus  take  appearances  for  rcalitie*/ 
tpefts  for  caufes. 

But  this  temptation  is  now  removed  1  for  a 
more  exaft  fcrutiny  into  the  properties  of  matter 
has  dearly  fiiewn,  that  no  aflbrtment  of  matter^ 
how  nicely  Ibcvcr  arranged,  ^can  form  an  intelli- 
gent being.  Let  materialifts  infift  as  ftrong^y  as 
they  pleafe,  that  the  charadcrs  and  thoughts  of 
nieh  rcfult  from  their  machinery  and  organization; 
•We  know  that  no  fuch  refult  could  take  place,  un- 
lefs  there  were  a  perceptive  fpirit  to  receive  the 
aftion  of  the  machine.  To  imagine  othcrwife, 
Tiould  be  as  abfurd  as  ;:o fuppofe  that  a  bible  might 
teach  a  fentiment  of  religion  without  a  reader  to 
perufe  it,  or  the  grafa  a  fenfation  of  green,  without 
an  eye, to  difcern  it.  Some  things,  indeed,  the 
fft/nj  performs  through  the  hody ,-  as  for  example, 
the  various  works  and  energies  of  art.  Others  it 
performs  without  fuch  a  medium,  as  when  it  thinks, 
and  reafons,  and  concludes.  Now,  though  the 
mind,  in  either  cafe,  may  be  called  the  principal 
fource,  yetthcfe  laft  are  moft  properly  it's  own  pe- 
culiar afls,  as  more  immediately  referable  to  it's 
peculiar  powers ;  and  thus  is  mind  ulttniatcly  the 
caufeofall. 

"  Thcancicnt(i/Ae//7j-,asAnaximander,Demo- 
critus,  &c,  founded  their  tenets  on  the  hypothefis 
of  matter  being  the  firft  and  only  principle,  to 
the  cxclufion  of  all  fpjritnal  fubftanccs.  ''  Their 
followers  in  infidelity,  in  modern  times,  have  don? 
the  fame:  nor,  indeed,  is  there  any  other  fuppofi- 
tion,  weak  as  it  is,  on  which  the  fyftem  of  atheifni 
can  be  riaifed." 

**  That  the  abfurditics  of  a  do^rinp,  which 
fcanifhed  all  wife  defigns  and  final  caufes  from  the 
creation  and  government  of  the  world,  might  not, 
by  unfupponed  aflcrtions,  fhock  the  commoft 
fcnfe  of  mankind,   the  authors  and  abettors  of 
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this  impious  fchemc  employed  their  invention  to 
form  theories  to  account  for  efFeds  without  caufcs, 
oratleaft,  without  adequate  caufes ;  as  byinain- 
taining  the  ecernicy  of  the  world  in  it's  prefect 
form  {  or  advancing,  at  iezii,  an  eternity  of  atoms; 
■which,  by  the  diredlion  of  chance,  and  a  lucky 
jumble,  formed  themfelves  into  the  prefent  orderly 
fyflem." 

"  But  as  they  were  equally  puzzled  to  account 
for  life,  confcioufnefs,  and  intetle<ft,  upon  their  cor- 
pufcular  plan,  they  found  themfelves  under  the  ne- 
cellity  of  afcril»ng  to  matter,  under  particular  mo- 
difications, certain  adive  powers,  which  are  abfo- 
Jutely  inconfiftent  with  it's  known  cfTential  proper- 
ties, affirming  the  foul  to  be  nothing  more  than  a 
mere  refined  and  delicate  configuration  of  atoms, 
and  the  mental  operations  to  proceed  from  the  me- 
-  chanical  motions  of  rariBed  matter:  thus  making 
the  principles  of  life  and  underflanding  to  be  only 
the  modes  of  chat  which  has  nothing  vital  or  intel- 
ligent in  it,  and  thus  afcribing  more  to  the  effeS  than 
it  in  the  eaufe  to  give,  Thefc  complicated  ab- 
furdities  have  been  fo  thoroughly  deteded  and 
confuted,  that  athcifm,  as  a  fyftcm,  fcarce  lifts 
up  it's  head,  but  hides  itfelf  under  falfe  colours. 
It  does  not  now  prefent  itfelf  as  the  open,  but  as 
the  whited  fepulchrc ;  does  not  profeffedly  declare 
war  againft  the  majelly  and  exiftence  of  Almighty 
God,  but  flily  endeavours  to  undermine  his  attri-- 
butes,  and  by  falfe  reafoning  to  invalidate  the 
proofs  of  the  immortality  of  the  foul." 

Some  philofophers  among  the  ancients,  as 
well  as  among  the  moderns,  imagined  that  -man 
was  nothing  but  mere  matter  j  but  matter  fo  cu- 
rioufly  organized,  that  the  impreflion  of  external 
objedbs  produces  in  it  fenfation,  perception,  re- 
membrance, and  9II  the  other  mental  operations. 
This  foolifli  opinion  could  have  no  other  origin 
S  4  than 
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diaa.  the  cnnfVaoc  connection  thf  Author  of  natur* 
^Hdi  dlabiUhedbeCveen  certain  imprelHoas  made 
upon,  our  fenfeSj  and  aitf'|)ercepti»a  of  the  ob)<d> 
bjr  which  the  impcefHon  is  made;  from  which  they 
■weaUy  inferred,  rint  thofe-  impreffions  were  the 
prt^r  efficient  caufes  of  the  correfponding  per- 
ice|raon.* 

But  no  reafoning  can  be  more  fallacious  than 
this  i  that  becaufe  two  things  are  always  conjoined^ 
.enc  mutt  be  the  caofe  of  the  other.  Day  and 
night  have  been  joined  in  a  cohttant  fucccfKon 
fioce  the  beginniBg  of  the  worid :  but  who  is  fo  . 
foolifh  as  to  conclude  from  this,  that  day  is  the 
eaufe  of  night,  or  night  the  cauf;  of  the  following 
,day?  There  is,  indeed,  nothing  more  ridiculous 
than  to  imagine,  that  any  mocion  or  modific^cion 
of  matter  fhould  produce  thought,  and  rendei 
h  capable  of  fenfation  and  Icnowledge.  For  thofe 
things,  which  are  inferior  and  fecondary,  caa  by 
no  means  be  the  principles  gr  caufeg  of  |he  rnvn 
^cel)ent< 

if  aiiy  one  fhonld  relate  of  a  tdefcope,  fo  ex.. 
a&ly  made  as  to  have  the  power  of  feeing ;  c»f  a 
whifperii^-gatlery,  that  had  the  power  of  hearingi 
of  a  cabinet  fo  nicely  framed  as  to  have  the  powet 
of  memory ;  or  of  a  machine  fo  delicate  as  to 
feci  -pain  when  it  was  touched ;  the  relation  would 
be  fo  abfurd,  and  fo  fhockii^  to  common  fenfe, 
that  it  would  not  find  belief  even  among  favages. 
Yet  it  is  the  fame  abfurdity  to  think,  that  the  im.» 
prefiions  of  external  objeds  upon  the  machine  of 
our  )}odies,  can  be  the  real  efHcient  eaufe  of 
thought  vnd  perception.  The  mod  perfeifl  organi- 
zation is  but  a  perfei^  arrangement  of  material 
flements,  and  gives  but  a  new  extrinfic  relation 
of  parts  to  parrs,  and  ean  never  rive  capacities 
wbicb  did  not  he/ore  exifi.    Nay,  the  very  mate- 

rialift 
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tiaUft  himfelf.  with  ^1  his  boafted  attachmcrit 
to  matter,  is  farced  to  have  rvcourfe  to  fowerx 
.  which  are  afiditfereat  £nNh  the  common  capacitica 
of  body,  as  the  Jentievt /uhfiance  of  the  immateria* 
lift  is  from  the  material  elcmeot.  Even  the  man 
sf  matter^  when  fpeaking  of  refinance  in  bodies, 
feys,  <*  that  KEii&TAKCK  is  in  moft  ca&s  cauTed 
by  fomething  of  a  quite  difftrent  nature  fiom-any 

thing    MATERIAL."* 

It  is  no  wonder  that  philofophersj  whi^c 
f deas  of  mind  and  being  are  only  derived  from 
hidy  afid  /e*fatiom,  Ihoutd  he  thus  inconfiftentj 
for  they  ^ve  »  Iharc  method  of  explaining  away 
^  nature  of  irutb.  They  reduce  it  to  mcTQ 
afiniok,  and  c<»iilder  it  aa  a  factitious  thing  which 
every  man  makes  for  himfelf;  which  comes  and 
goes  jufi  as  it  is  remen^red  or  forgot;  which,  il| 
the  order  of  things,  makes  it's  appearance  the 
/ai?  of  any.  being  not  only  fubfequent  to  fenfiblc 
ol^e^s,  but  even  to  oMi  Je/t/aiioH J  of  them.   . 

But  there  are  other  reafonen.  who  have  had 
different  notions ;  who  reprefenc  truth  not  as  xh% 
laft,  but  the^ryl  of  beings;  who  call  itinunuta- 
ble.  eternal,  omniprefent.  To  thefe  it  niuft  ap- 
pear fomewhat  ftrange,  how  men  fliould  imagine, 
that  a  crude  account  of  the  method  bow  they  per- 
ftive  trutbt  was  to  pafs  for  an  account  of  truth 
it/elf:  as  if  to  defcribe  the  road  to  Londonj,  cQuld 
be  called  a  defcription  of  that  meCropDlis. 

You  are  better  learned  than  to  confider  truth 
as  opinion :  you  know  that  it  fliines  with  un-< 
changeable  fplcndor,  enlightening  throughout 
(he  univerfe  every  poffible  fubjcdt  fufceptible  of 
>t's  benign  influence.  Paflions,  and  other  obje<?ls, 
fnay  prevent  indeed  it's  efEcacy,  as  clouds  and 
yapours  may  obfcure  the  fun;  but  Itfclf  neither 

admits 
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admits  dimtnuiton  hor  change,  bccaure  the  darJc- 
refs'onty' rcfpcffts  particular  ^^rc/'/'/Vff/j,  Among 
ikefe,  therefore,  you  muft  look  for  ignorance  and 
error,  and  for  that  fuhordinalion  cf  intelligence 
which  is  their  natural  confequence. 

From  all  thcfc  confideratic>ns  you  wil?,  I 
hope,  ^e  perfuaded  to  flee  from  malrriaUfm  as 
/rem  the  plague.  It  is  an  opinion  that  is  inimical 
to  virtue,  that  darkens  the  profpedts  of  futurity, 
irnbiitds  the  reins  to  vice,  and  is  deftniclive  of  all 
true  religion. 

Having  given  you  an  account  of  the  general 
theory  of  refletftion  and  refraction  of  light,  1  fhall 
r.ow  proceed  to  the  theory  of  vijion.  'I'hc  fubjett 
,  \%  not  only  curious  and  entertaining  in  itfcif,  but 
without  it  there  is  no  accounting  for  fcveral  op- 
tical phenomena,  or  even  underftanding  the  theory 
of  optical  inftruments,  and  the  manner  by  which 
rhey  extend  fo  rrodigioufly  the  natural  bounda- 
ries of  vifion.  It  is  aifo  prefumed,  that  it  can  be 
no  unpTeafing  fpeculation  to  obtain  an  idea  of 
the  fecret  mechanifm  by  which  the  eye  commu- 
nicates fo  many  diverfifted  and  animated  percep- 
tions to  the  foul,  and  by  which  we  are  enabled  to 
difcover,  with  fo  much  eafc  and  rapidity,  every 
furrounding  objeift. 

In  the  flrudture  of  the  eye  you  will  find  the 
maft  evident  manifeftations  of  exquifite  art  and 
defign,  every  part  elegantly  framed,  nieely  ad- 
jufted,  and  commodioufly  placed,  to  anfwer  in 
the  nioft  perfetl  manner  every  poflible  good  pur- 
pofe,  and  thus  evince  that  it  is  the  work  of  un- 
erring tsifdom^  prompted  to  atftion  by  infiniw 
hve. 

So  manifold  are  the  blefllngs  wc  derive  from 
this  6rgin,  that  the  mind  of  man  feems  almolf 
inadequate  to  the  conception,  and  his  pen  to  the 
dcfcription  of  them.     While  it  forms  our  ideas 

of. 
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jof  iQagnitude  and  diftance,  it  annihilate  fpace, 
hy  placing  the  nearcfl  and  moft  diftant  oSjeCts 
clofe  tt^ther.  To  it  w€  are  indebted  for  the 
idelightful  fenfations  that  arife  frcMn  the  propor- 
tion and  variety  of  forms^  the  harmonious  mix- 
.  ture  of  colours,  and  the  ^ces  of  beauty.  It 
enables  us  to  feek,  to  fee,  and  to  chufe  our  foodi 
to  go  here  and  there,  as  the  calls  of  friendlhipi  . 
or  the  occafions  of  bufmcfs,  require;  to  travcrfe 
the  ocean,  ranfack  the  bowels  of  the  earth,  vifit 
diftaoc  r^ions,  accumulate  wealth,  and  multiply 
knowledge.  AfD(led  by  it,  we  becomfc  acquainted 
with  the  works  of  the  Creator,  and  can  trace 
his  wifdom,  his  power,  and  his  goodncfs,  in  the 
rcxture  of  plants,  the  mechanifm  of  animals,  and 
the  glories  of  the  heavens. 

The  value  of  this  fenfe  is  heightened,  when 
we  confider  the  miferies  attendant  on  the  want 
of  it  I  for  among  the  numerous  evils  that  affliift 
the  human  race,  there  is  none  more  juflly  dreaded, 
nor  more  deeply  deplored,  than  a  deprivation  of 
fight.  It  is  to  have  one  of  the  chief  inlets  of  ' 
happinefs  cut  off,  to  be  fliut  up  in  perpetual 
darknefs,  to  labour  under  ten  thoufand  inconve- 
niences, and  to  be  expofcd  to  continual  dangers. 
How  poignantly  this  lofs  was  felt  by  our  great 
poet,   is  painfully  evident  from  his  own  words: 

"  With  the  year 
Seafons  return  ;  but  not  to  me  returns 
Day,  or  the  fwcet  approach  of  ev'n  or  morn. 
Or  fight  of  vernal  bloom,  or  fummcr's  rofe. 
Or  flocks,  or  herds,  or  human  face  divine  ; 
But  cloud  inflead,  and  ever-during  dnrk 
Surrounds  me,  from  the  chcarful  rays  of  men 
Cut  off,  and  for  the  book  of  knowledge  fair, 
i'rcfenced  with  an  univerfal  blank 
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Of  iMiture's  works,  to  me  expung'd  and  raz'd. 
And  wifdom  at  one  entrance  quiEc  fliut  out." 

A  SHORT  Description  of  the  Eve.* 

In  defcribing  the  eye,  it  is  natural  to  conii- 
dcr,  ftrft,  the  external  parts,  ihen  the  internat, 
or  thofe  which  are  more  immediately  fuhferviciit 
to  the  purpofes  of  vifion.    ■ 

The  eye,  as  is  well  known,  is  litu^ted  below 
the  forehead  t  tt  -is  placed  in  a  bony  cavity,  called 
the  orbit ;  the  form  is  globular,  it  is  compoTcd 
of  feveral  coats  and  humours,  and  fumifhed  with 
Tcffels  properly  adapted  to  it's  various,  func^tions. 

The  oyc  confifts  of  feveral  coats  or  teguments^ 
which  form  a  ball  perfeilly  globular  except  on 
the  fore  part,  which  is  a  little  more  protuberant 
than  thf  reft.  Within  this  ball  arc  included  three 
^ifTerent  liquids  or  tranfparent  fubftonces,  called 
tuumoun. 

Tlio  frhil  of  the  eye  is  of  a  conical  Ihapc, 
but  rather  irregular  in  it's  dimenftons ;  it  is  com- 
pofed  of  feven  bones,  and  lined  with  fat,  which 
forms  a  fpft  bed  for  the  eye  to  reft  on,  iuid  faci- 
litates it's  various  motions.  A  conOderable  part 
of  the  bottom  of  the  orbit  is  open  for  the  ad* 
iniflion  and  tranfmifHon  of  the  nerves,  veins,  Bn4 
arteries. 

Thofe  prominent  arches  of  hair,  which  we 
term  the  eyrbro-ws,  defend  the,  eyes  from  the  light 
■when  it  is  too  flrong,  and  prevent  their  being 
incommoded  by  any  fubllances  that  might  Aide 
down  the  forehead,  and  thence  fall  into  the  eyes. 
That  the  eyebrows  may  be  more  cfFe(3^aUy  ufeful, 
and  form  a  more  pcrfeA  fcreen,  they  art  furnilhed 
with  mufc|cs  to  draw  thcii>  doyiii,  and  corrugate 

them ; 

:•  What  foIlotfs.oQ  thii  TubjcK  Ii  cxtr^Acd  from  my  "  Etfiy 
■■-«n  Vi;iOn." 
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thenif  and  ^rhen  'vre  are  vtUkiag  in  a  dtifty  wad, 
or  when  we  are  expofed  to  a  dazzling  lig^i  yft 
pull  ^own  the  eyebrow^  and  thereby  fhadc  tiht 
^e  from  the  glare,  and  protoft  it  from  riie  <duftc 
We  may  gather  from  hence^  that  the(e  fhadn 
frhich  encompafs  the  forehead,  and  that  projcd 
about  three  inches  from  it,  arc  pfroperiyndapwdto 
guard  weak  eyes  fromeveryOffenfiveglare 'of  light. 

The  promi'neftqr  of -Che  leyiAfrows  gives  aoha* 
rafter  to  the  face?  ind  hence  Le  Brun,  m  his 
dircflions  to  a  painter,  with  regard  to  the  :paf- 
ficms,  placts  in  t"hetn  the  principal  forct  of  cx- 
preffion.  The  eyebrows  form  a  atcp  ihade  on  the 
canvas,  which  relieves  the  other  colours  and  fea- 
tnrcs.  A  depreflion  cf  the  eyejftow  is  an  indica<- 
tion  of  conccrti  and  grief;  whilft  an  elevation 
thereof  ftKfws  that  the  mind  is  either  affefled  with 
jby,  ortnjoying  the  ferene  delightsof  tranquilHty. 

The  eyelids,  like  two  fubftantial  curtann, 
looted  and  cover  the  eyes  while  we  deep.;  whtft 
we  are  awake,  they  difFufe,  by  their  motion,  a 
fluid  «ver  the  eye,  which  cleans  and  polifhes  H, 
and  thus  renders  it  fitter  for  eranfmitting  'Che  tay% 
of  light. 

Each  eye  is  fumilhed  with  two  lids,  Tbe-one 
fuperior,  the  other  inferior,  joining  at  the  two 
extremities,  which  are  called  eantbi,  or  angles. 
Both  eyelids  are  lined  with  a  membrdnc,  which 
alfo  infolds  as  much  of  the  globe  of  the  "e/t  as 
is  called  the  white,  and  it  prevents  -any  duft,  or 
other  extraneous  particles,  from  getting  behind 
the  eye  into  the  Orbit. 

That  the  eyelids  may  fhut  wiilh  ^eatn  acaSt' 
nefs,  and  not  ^11  into  wrinkles  <when  they  aR 
ekvatedor  deprafled,  each  edge  43  ftiffened  by -a. 
dirttk^nous  4rch.  -  The  eyeiafhes,  tiite  vwo  pa^ 
U^tdes  of  fhort  hair,  {Proceed  from  thefe  cartihu. 
(inous  'adgeSj  warning  the  '4)ye  of  4ang8r,  pro* 
2  tecting 
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fre^tng  It  from  llraggling  motes^  and  tiarding  off 
the  wandering  fly.  They  alfo  intercept  many 
rays  proceeding  from  objccks  that  arc  abovfc  thq 
ajcis  of  villon,  and  thereby  render  the  images  of 
other  objcdrsmore  diftindt  and  lively  :  for,  as  in 
the  camera  obfcura,  the  image  is  always  brighteft 
vhen  no  rays  arc  allowed  to  enter,  but  thofe  which 
form  the  pidure.  The  eyelaflies  contribute  theij 
(hare  in  giving  beauty  to  the  face,  to  foftcn  the 
outlines  of  the  eyelids,  and  throw  a  miklnefs  on 
the  features. 

Both  the  eyelids  -are  moveable  j  but  the  upper 
one  moftly  fo^  the  lower  one  moving  but  little, 
being  rather  obfequious  to  the  motions  of  the 
adjacent  parts,  than  moved  by  any  particular 
forces  of  it's  own.  The  hairs  of  the  eyelaflies 
grow  only  to  a.  certain,  length,  and  never  need  ■ 
cutting :  the  points  of  the  fuperior  one  are  bent 
upwards,  thole  of-  the  lower  eyelalh  downwards. 
Thus  whenever  we  can  trace  things  to  their  final 
caufe,  we  find  them  always  marked  with  defign, 
and  can  find -no  circumilance  To  minute,  .as  ta 
efcapc  the  attention  of  the  Supreme  Being. 

From  what  has  been  faid,  we  may  perceive 
why  the  fight  of  thofe,  whofe  eyelaflies  are  biack» 
is,  in  general,  much  ftronger  than  thofe  who  have 
them  fair  or  white ;  the  black  eyelalhes  are  a 
better  (hade  for  the  eye,  and  reflciit  no  light  from 
their  inner  fide,  to  weaken  and  efiace  the  pi<5lurc 
on  the  retina.  Monlaltus  gives  an  account  of  a 
young  man,  whofe  eyelaflies  and  eiebrows  were 
of  an  inteiiic  white,  and  hi^  fight  obfcure  during 
the  day,  but  clear  at  nigiu.  This  pcrfon  was 
taken  prifoner  by  the  Moors,  who  dyed  his  eye- 
kfties  black,  by  which  his  light  was  much  ftrength- 
ened:  in  courfe  of  time  the  dye  uas  waflied  off, 
and  his  fight  became  weak  again.  Dr.  Ruffcll, 
in  his  natural  hiltory  of  Aleppo,  fays,  thu  it  is 

the 
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the  cuftoni  among  ihc  Turkifh  women  to  black 
the  inlide  of  their  eyelids,  not  only  as  an  ornament, 
but  as  a  means  of  ftrcngthening  thc'fight.  When 
the  eyelids  are  loft,  a  fymptom  which  frequent!^ 
follows  a  malignant  fmall-pox,  the  fight  is  always 
confiderably  impaired. 

By  ftiutting  the  eyelids  partially,  we  can  ex-^ 
dude  as  much  light  as  we  pleafe.  and  thus  further 
defend  the  eyes  from  tooftrong  a  light,  whichever/ 
one's  experience  proves  to  be  as  injurious  to  them 
as  more  grofs  matter.  Numerous  are  the  melan- 
choly inftances  on  record,  which- confirm  this 
truth  :  Xcnophon  relates,  that  many  of  his  troops 
were  blinded  by  the  ftrong  reflcdtion  from  the  fnow 
over  which  they  were  obliged  to  march.  Dionyfius, 
the  tyrant  of  Sicily,  among  other  means  which  he 
ufcd  to  gratify  his  revenge,  and  fatiatc  the  cruelty 
of  his  temper,  was  accutemed  to  bring  forth' his 
miferable  captives  from  the  deep  recefies  of  the 
darkeft  dungeons,  into  white  and  well-lighted 
rooms,  that  he  might  blind  them  by  the  fudden 
tranfition  from  one  extreme  to  the  other.  Actuated 
by  principles  equally  cruel,  the  Carthaginians  cut 
oiFthe  eyelids  of  Regulus,  and  then  expofed  him 
to  the  bright  rays  of  the  fun,  by  which  he  was  very 
foon  blinded, 

Thefc  fafts  make  it  clear  that  a  protuberant 
eye  is  not  fo  well  calculated  for  vifion,  as  one  that 
is  deep  funk  in  the  head  :  neither  extreme  is  indeed 
defirable;  ytt  undiubtedly,  oF  the  two,  that  which 
is  deep  let  is  preferable,  as  aftbrding  the  clearcft 
fight,  and  being  leafl:  liable  to  injuries  from  exter- 
nal accidents. 

Thofe  animals  whic^  have  hard  cruftaceous 
eyes,  as  the  lobftetj  crab,  t>cc.  have  no  eyelids; 
%'hereas  moft  brute  animals  have  an  additional  one, 
called  the  niHitating  membrane,  which  they  draw- 
over 
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oVer  their  eyes  like  a  ctntain,  to  wipe  off  whatever 
incommodes  them. 

The  velocity  with  which  the  eyelids  move  10 
and  iTro  is  To  great,  that  it  does  not  in  the  leafl  im- 
pede  the  iight.  This  Cutious  circumftancc  maybe 
illuftrated  by  the  well-known  phenomenon  of  a 
burning  coat  appearing  like  a  ring  of  fire,  when 
whirled  round  about  with  rapidity,  in  the  circum- 
ference of  a  circle.  Now  it  is*  highly  probable, 
that  the  fenfation  of  the  coal,  in  the  Several  f^es 
of  the  circle,  remains  on  the  -mind  until  it  returns 
^pin  to  the  fame  place.  If,  therefore,  our  eyelids 
take'  no  longer  time  to  pafs  and  repafs  upon  our 
eyes,  than  what  the  coal  of  iire  takes  to.go  Tound, 
the  impreiTion  made  by  any  objciS:  on  the  eye  will- 
fufier  -no  fenliblc  interruption  from  this  -motion. 

To  prevent  the  eyelids  adhering  together,  they 
arc  fi^pplied  with  a  row  of  fcbaceous  glandules, 
which  difchacgc  a  foft  liniment,  chat  mixes  with, 
■and  is  wafhed  off  with  the'  tears. 

The  lachrymal  gland  is  placed  in  the  upper  and 
'Outer  part  of  the  orbit.  It  is  deligned  to  fumift 
-at  all  times  water  enough  to  keep  the  outer  furface 
of  the  eyemoifl,  and  thus  :give  the  cornea  a. greater 
d^ree  of  pellucidity.  In  order  that  this  liquor 
may  be  rightly  difpofed  of,  we  frequently  clofe  the 
«yelids  without  being  confcious  of  it. 

At  the  inner  corner  of  the  eye,  between  the 
•eyelids,  ftands  a  caruncle,  whofe  office  feems  to  be 
to  keep  that  comer  of  the  eye  from  being  totally 
clofed :  fo  that  any  tears,  &c.  may  flow  from  under 
the  eyelids,  when  we  -fleep.  into  the  punBa  lacbry- 
ffin/td,  which  are.  little  holes,  one  in  each  eyelid, 
near  the  comer,  for  carryiijg  into  the  nofe  my  fu- 
perfluous  tears. 

The  eye  is  furnifhed  .with  fix  mufctes,  whigli 
Tpread  their  tendons  iar  over  the  eye;  by^thefe  it 
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can  be  moved  upwards  and  downwards  to  cither 
fide,  and  in  every  intermediate  direftion,  and  thus 
view  furrounding  objedls  without  moving  the  head. 
To  facilitate  thcfe  motions,  a  great  quantity  of 
loofe  fat  is  placed  all  round  the  globe  of  the  eye, 
between  it  and  rhe  o^bit.  Four  of  thi  mufcles  are 
ftraic,  and  two  oblique  j  of  the  two  ftrait  mufcles, 
two  are  fituated  vertically  oppofite  one  another,  and 
the  other  two  horizontally.     Each  of  the  fix  has  a 

f  roper  name,  according  to  it's  lituation  and  office. 
cannot  pafs  over  the  mufcles,  without  taking  no- 
tice of  a  ftriking  inftance  of  defign  in  the  wife  dif- 
polition  of  the  parts.  It  is  fometimcs  ncceflary  ti> 
have  an  oblique  motion  of  the  eye,  towards  the 
nofe,  and  there  being  ho  room  on  that  lide  for 
mufcles,  a  fmall  bone  is  placed  on  the  lide  of  the 
nofe,  with  a  hole  in  it,  to  ferve  as  a  pulley,  through 
which  the  tendon  of  a  mufcle  paffes  to  a  convenient 
infertion,  and  thereby  fuch  an  oblique  motion  is 
given  to  the  eye,  as  would  otherwife  have  becri 
impoflible. 

The  eyes  are  placed  in  the  moft  eminent  part 
of  the  body,  near  the  brain,  the  feat  of  fenfation. 
From  their  elevated  fituarion,  our  profpedt  is  en- 
larged, and  the  number  of  objects  taken  in  at  one 
view,  increafed}  we  command  an  ample  horizon 
on  earth, 'and  a  glorious  iiemifphere  of  the  heavens. 

Every  part  of  the  human  frame  affoids  indif.- 
putable  proofs  of  the  wifdom  and  beneficence  of 
it's  Creator,  becaufe  all  are  adapted  to  anfwer  in 
the  beft  manner  the  end  for  which  they  were  form- 
ed. 'l"hus  the  globular  figure  of  the  eye  is  the  moft 
commodious  we  can  form  any  idea  of,  the  beft 
adapted  for  facilitating  the  various  motions  of  the 
e)te,  for  containing  the  humours  within,  and  re- 
ceiving the  images  from  without. 

Many  are  the  advantages  thatare  derived  from 

our  having  two  eyes,  fonie  that  are  known,  ot  icrs 
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that  are  unknown  i  for  the  correfpondence  of  the 
double  parts  in  the  human  frame,  and  their  relation 
to  the  two  great  faculties  of  the  humaa  mind,  ha>9 
not,  been  fufticiently  attended  to  by  anatomifts. 
By  having  two  eyes,  the  fight  is  rendered  ftronger, 
Rnd  thii  vifion  more  perfetlj  for  as  each  eye  looks 
upon  the  fame  object,  a  more  forcible  imprelHon 
is  made,  and  a  livelier  conception  formed  by  the 
mind.    . 

The  eyes  together  view  an  objeifl  in  a  different 
fituiitioii  from  what  either  of  them  apart  would  do, 
and  enable  us  to  perceive  fmall  diH^anccs  accurately. 
Hence  we  find,  that  thofe  who  have  loft  the  light 
of  one  eye,  are  apt  to  make  millakes  in  the  dillances 
of  objcds,  even  within  arm's  length,  that  arc  eafily 
avoided  by  thofe  who  fee  with  both  eyes.  Such 
miltakes  are  piincipally  feen  in  fnuHing  a  candle, 
threading  a  needle^  or  in  filling  a  tea-cup.  This 
aptnefs  to  misjudge  diflances  and  fituations  is,  how- 
ever, gradually  diminilhed  by  time  and  pradtice. 

Whcn.an  objetit  is  placed  at  a  moderate  dif- 
tance,  v  e  fee  more  of  it-  by  means  of  the  two  eyes, 
than  we  poffibly  could  with  one  j  the  right  eye  fee- 
ing more  of  the  right  fide,  and  the  left  eye  more  of 
it's  correfponding  fide.  Thus  by  both  eyes  we  fee 
in  fomc  mcafure  round  an  objed;  and  it  is  this 
which  alTifts  in  giving  that  bold  celievo,  which  we 
fee  in  nature,  and  which  no  painting,  how  exquitite 
focvcr,  can  attain  to.  The  painter  muft  be  con- 
tented with  Ihading  on  a  flat  furface ;  but  the  eyes, 
in  obferving  natural  obje(5ts,  perceive  not  only  the 
ibading,  but  a  part  of  the  figure  that  lies  behind 
thofe  very  fhadings.  The  perception  we  have  of 
diftance  with  one  eye,  as  was  jufl  now  obfervcd,  is 
more  uncertain,  and  more  liable  to  deception,  than 
that  \i  hich  we  have  by  both  i  therefore,  if  the  fhad- 
ing  and  relief  be  executed  In  the  beft  manner,  the 
picture  may  have  almcft  the  fame  appearance  to 

one 
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one  eye  as  the  objeifls  themfelves  would  have,  but 
it  cannot  have  the  fame  appearance  to  both.  This 
is  not  the  fault  of  the  artift,  but  an  imperfeftion  jfi 
the  art.  To  remove  thefe  defeats,  the  connoifTeurs 
in  painting  look  at  a  pifture  with  one  eye  through 
a  tube,  which  excludes  the  view  of  all  other  objedTs. 
If  the  aperture  in  the  tube  next  the  eye  be  fmalt, 
we  have  no  means  left  to  judge  of  the  diftance  but 
the  light  and  colour,  which  are  in  the  painter's 
power.* 

An  objeft  feen  with  both  eyes,  appears  a  little 
brighter,  or  more  luminous,  than  it  does  when  fcen 
witii  one  alone,  as  will  be  evident  by  looking  alter- 
nately with  both  eyes  and  with  one  only:  and  the 
difference  of  brightnefs  will  be  ftiil  more  manifeft, 
if  at  the  fame  time  that  a  part  of  a  flat  objed",  of  an 
uniform  colour,  is  feen  with  both  eyes,  the  light 
from  the  adjacent  part  is  excluded  from  one  of 
them ;  which  may  be  done,  by  applying  a  book  to 
one  fide  of  the  head,  fo  that  it  may  reach  a  little 
forwarder  than  the  face.  But  although  the  difFe- 
rcnce  of  brightnefs,  in  the  two  cafes,  is  very  per- 
ceptible, yet  it  is  not  very  conliderable,  nor  is  it 
eafy  to  determine  it  accurately.  Dr.  Jurin,  by  a 
variety,  of  experiments,  concluded,  that  an  objc<fl 
feen  with  both  eyes,  appeared  only  one  thirteenth 
part  brighter,  than  when  feen  with  one  alone. 

Our  eyes  have  an  uniform  or  parallel  motion, 
by  which,  when  one  is  turned  to  the  right  or  left, 
upwards  or  downwards,  or  ftrait  forwards,  the  other 
always  goes  along  with  it  in  the  fame  dirctJtion. 
When  both  eyes  are  open,  we  find  them  always 
turned  the  fame  way,  as  if  both  were  aifted  upon 
by  the  fame  motive  force.  This  phenomenon  is 
the  more  lingular,  as  the  mufcles  which  move  the 
two  eyes,  and  the  nerves  which  ferve  the  mufcles, 
are  entirely  dillinct  and  unconnedted. 

T2  Tg 

*  Reul's  Inquiry  into  the  Human  Mind.   .^  , 
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To  account  for  and  explain  the  caufe  of  this 
motion,  has  puzzled  the  philofopher.  and  embar- 
riifTed  the  anatomifl :  that  it  originates  from  the 
grand  moving  principle,  or  generating  caufe  with- 
in us,  the  mind,  there  can  be  little  doubt ;  but  how 
the  mind  operates,  to  produce  this  eifedl,  we  are 
altogether  ignorant.  Some  effedlual  purpofes  arc 
no  doubt  anfwered  by  this  motion^  for  nottiing  is 
created  in  vain.  One  is  fuppofcd  to  be  that  of 
feeing  objetfts  fingle  that  are  viewed  with  both  eyes; 
for.  there  arc  two  pictures  formed  of  every  objeift, 
one  in  each  eye.  Hence,  if  any  of  the  mufcles  of 
one  eye,  either  from  fpafm,  paralyfis,  or  any  other 
caufe,  is  rcftraincd  from  following  the  motion  of 
the  other,  every  objcit  will  be  feen  double.  The 
lame  efFeift  is  produced,  if,  while  we  are  looking  aC 
any  objcdt,  we  alter  the  direction  of  one  of  our  eyes, 
by  prefling  it  afide  by  the  finger;  an  experiment 
frequently  made  by  children,  who  are  generally 
delighted  with  any  uncommon  appearance. 

,  Whatever  may  be  the  caufe,  the  fad  is  certain, 
that  the  object  is  not  multiplied  as  well  as  the 
organ,  and  appears  but  one,  though  feen  with  two 
eyes :  another  inftance  of  the  (kill  of  the  contriver 
of  this  noble  organ,  and  the  exquifite  art  he  em- 
ployed in  the  formation  of  it. 

Having  confidered  the  principal  external  parts 
of  the  eye,  and  fhewn  that  they  arc  framed  to  pro- 
leA  this  delicate  organ,  with  a  care  ftriiflly  propor- 
tioned to  it's  curious  texture,  and  extenfive  ufeful- 
ncfs,  that  it  iS'  fortified  with  ftrong  bones,  lodged 
in  a  deep  receptacle,  and  guarded  with  a  moveable 
cover;  we  now  proceed  to  treat  of  the  internal 
parts,  or  thofe  which  conftitute  the  globe  of  the 
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Of  the  Globe  of  the  Eve. 

-  "  If  the-  conftruftion  of  the  univeHe  were  hot 
fo  evident  a  proof  of  the  exiftence  of  a  fupremely 
wife  and  benevolent  Creator,  as  to  render  particu- 
lar arguments  unneceflary,  the  ftrufture  of  the  eye 
might  be  offered  as  one,  by  no  means  the  leaft;  this 
inlfance,  among  numberlefs  others,  demonftrating 
that  the  beft  performances  of  art  are  infinitely  Ihorc 
of  thofe  which  are  continually  produced  by  the 
Divine  Mechanic, 

The  globe  of  the  eye,  or  the  oi^n  of  fight, 
may  be  defined  in  general  as  a  kind  of  cafe  conhft- 
ing  of  fcveral  coats,  containing  three  pellucid  hu- 
mours, which  arc  fo  adjuftcd,  that  the  rays  pro-: 
ceeding  from  luminous  objeAs,  and  admitted  at  a 
hole  in  the  fore  part  of  the  eye,  are  brought  to  a 
focus  on  the  back  part  of  it,  where  they  fall  upon 
ar  foft  pulpy  fubftance,  from  whence  the  mind  re- 
ceives ifs  intelligence  of  vifible  objeiits. 

It  is  nor  to  be  expelled,  that  any  account  given 
of  the  eye  can  be  altogether  accurate ;  for  as  it  is 
impoffible  to  examine  all  the  parts  of  the  eye  whiift 
in  a  natural  and  living  (bite,  To  is  it  alfo  nearly  im- 
poffible,  when  it  is  takfcn  out  of  it's  focket,  to  pre- 
ferve  the  figure  of  the  parts  entire ;  a  circumftancc 
which  accounts  for  the  difagreement  we  find  among 
anatomies. 

Of  the  Coats  op  the  Eye. 

The  eye  is  compofed  externally  of  three-  coats 
or  teguments,  one  covering  the  other,  and  forming 
■a  balT  perfedtly  globular,  except  at  the  fore  part, 
which  is  a  little  more  protuberant  than  the  reft; 
within  this  ball  are  three  different  fubftances,  called 
humours. 

The  firft,  or  outer  coat,  is  called  ihcfderotica- 
T  3    ■  the 
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the  fecond,  or  middle  one,  is  called  the  choroiJes ; 
the  interior  one  is  named  the  retina. 

Silerotifa.  Cornea.  The  exterior  membrane, 
which  inelofes  and  covers  the  whole  eye,  is  called 
fclerotica  and  cornea*:  it  is,  however,  ftritftly  fpeak- 
ingj  but'  one  and  the  fame  membrane,  wirh  diffe- 
rent names  appropriated  to  different  parts;  the 
hinder  and  opake  part  being  more  generally  deno- 
minated the  fclerotica,  the  fore  and  tranfparent  part 
the  cornea. 

The  fclerotica  is  hard,  elaftic,  of  a  white  co-r 
lour,  rcfembling  a  kind  of  parchment;  the  hinder 
part  is  very  thick  and  opake,  but  it  grows  gradually- 
thinner  as  it  advances  towards  the  part  where  the 
white  of  the  eye  terminates.  The  fore  pare  is  thin~ 
ner.and  tranfparent ;  it  is  alfo  more  protuberant  and 
convex  than  the  reft  of  the  eye,  appearing  like  a 
fegment  of  a  flViall  fphcre  applied  to  a  larger,  and 
is  called  cornea  from  it's  tranfparency.  The  cornCi^ 
is  thick,  flrong,  and  infenfible;  it's  tranfparency  \& 
neccifary  for  the  free  admilTion  of  the  light.  This 
membrane  is  compofed  of  feveral  plates,  laid  one 
over  the  other,  replenilhed  with  a  clear  water,  and 
pellucid  vcffelsi  thcfc  plates  arc  more  evidently 
diftindl  in  the  fore  than  the  hinder  part.  The 
fclerotica  is  embraced  on  it's  outfide  by  fix  mufclcs, 
by  which  the  eye  may  be  moved  in  any  direction. 

Choroides.  Uvea.  Iris.  Under  the  fclerotica 
is  a  membrane,  known  by  rhe  name  of  the  choroides  ; 
it  is  a  foft  and  tender  coat  compofed  of  innume- 
rable veffels;  it  is  concentric  to  the  fclerotica, 
and  adheres  clofely  to  it  by  a  cellular  fubAance, 
and  many  veffels.  This  membrane  is  outwardly  of 
a  brown  colour,  but  inwardly  of  a  more  rulfct 
brown,  al-mofl  black.  Like  the  fclerotica,  it  isdif- 
tinguifl.ed  by  two  different  names,  the  fore  part 
being  cMed,  the  uvea,  while  the  hinder  part  re- 
tains the  name  of  the  choroides. 

The 
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The  fore  part  commences  at  the  place  where 
the  cornea  begins  :  it  here  attaches  itfelf  more 
ftrongly  to  the  fclcrotica  by  a  cellular  fubftance,. 
forming  a  kind  of  white  narrow  circular  rim :  the 
choroides  feparates  at  this  place  from  the  fclcro- 
tica, changes  it's  direction,  turning,  or  rather  fold- 
ing, dircftly  inwards,  towards  the  axis  of  the  eye, 
cutting  the  eye  as  it  were  tranfvcrfcly :  in  the 
middle  of  this  part  is  a  round  hole,  called  the  pupil, 
or  fight  of  the  eye  :  the  pupil  is  not  exadly  in  the 
middle  of  the  iris,  that  is  to  fay,  the  centers  of  the 
pupil  and  iris  do  not  coincide,  the  former  being" 
a  little  nearer  the  nofe  than  the  latter. 

This  part,  when  it  has  changed  it's  diretftion, 
is  no  longer  called  the  choroides  ;  but  the  anterior 
furface,  which  is  of  different  colours,  in  different 
fubjects,  is  called  the  iris ;  the  pofterior  furface  is 
called  the  uvea,  from  the  black  colour  with  which 
it  is  painted;  The  iris  has  a  fmooth  velvet-like  ap- 
pearance, and  feems  to  confift  of  fmall  filaments 
regularly  difpofed,  and  direded  towards  thcccntcr 
of  the  pupil. 

The  eye  is  denominated  blue,  black,  &c,  ac- 
cording to  the  colour  of  the  iris.  The  more  gene- 
ral colours  are  the  hazel  and  the  blue,  and  very 
often  both  thefe  colours  are  found  in  the  fame  eye. 
It  has  been  obferved,  that  in  general  thofe,  whofc 
hair  and  complexion  are  light-coloured,  have  the 
iris  blue  or  grey ;  and  on  the  contrary,  thofe  whofe 
hair  and  complexion  are  dark,  have  the  iris  of  a 
deep  brown  :  whether  this  occafions  any  difference 
in  the  fenfe  of  vifion,  is  not  difcoverable.  Thofe 
eyes  which  are  called  black,  when  narrowly  in- 
fpeifled,  are  only  of  a  dark  ha?el  colour,  appearing 
black,  bccaufe  they  are  contrafted  with  the  white 
of  the  eye,  "  The  black  and  the  blue  are  the  moft 
beautiful  colours,  and  give  mofl:  fire  and  vivacirv 
of  i^xprcffion  to  the  eye.  In  black  eyes  there  is 
T  4  more 
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more  force  and  impetiiofit)';  but  the  blue  excel  in 
fwcctncfs  and  delicacy." 

-Tlie  pupil  of  the  eye  has  no  determinate  fizc, 
being  greater  or  fmallcr,  according  t;o  the  quantity 
of  light  that  falls  upon  the  eye.  When  the  light  is 
ftrong,  or  the  vifual  objcift  too  luminous,  we  con- 
trad:  the  pupil,  in  order  to  intercept  a  part  of  the 
light,  which  would  othcrwife  hurt  or  dazzle  our 
eyes ;  but  when  the  light  is  weak,  we  enlarge  the 
pupil,  that  a  greater  quantity  may  enter  the  eye, 
and  thus  make  a  (tronger  impreflion  upon  it.  This 
aperture  dilates  alfo  for  viewing  diltant  objedts, 
and  becomes  narrower  for  fuch  as  are  near.  The 
contraiflion  of  the  pupil  is  a  ftate  of  violence,  ef- 
fefti-J  by  an  exertion  of  the  will :  the  dilatation  is 
a  reniiflion  of  power,  or  rather  an  intermifiion  of 
■-  volition.  ■*  The  latitude  of  contra<ftion  and  dilata- 
tion of  the  pupil  is  very'  confiderable;  and  it  is 
very  admirable,  that  while  the  pupil  changes  it's. 
magnitude  it  prefcrvcs  it's  figure. 

Anatomifts  are  not  agreed,  whether  the  iris  be 
compofed  of  two  fcis  of  fibres,  the  orbicular  and 
radial,  or  of  either.  Hallcrfays,  he  could  never  dif- 
tovcr  the  orbicular  fibres,  even  with  a  microfcopc; 
the  radial  feem  vifible  to  the  naked  eye,  and  are 
fufficicnt  to  anfwer  all  the  purpwfes  required  in  the 
motion  of  the  iris:  when  the  pupil,  is  contraded 
the  radial  fibres  are  ftrait,  when  it  is  dilated  they 
are  drawn  into  ferpcntine  folds. 

In  childn.-n  this  aperture  is  more  dilated  than 
in  grown  perfons.  In  elderly  people  it  is  ftill 
fmallerthan  in  adults,  and  has  but  little  motion; 

hence 

•  Analomifl^  MfTvr.  tlial  in  animals  of  prry,  bi>ih  bcaOs 
and  birds,  il>e  piijiil  l^  nmtid  as  in  man,  which  fils  ihrin  to  lee 
every  w«y ;  biitm  Uigc  animals  which  hcd  on  graTt,  Ihc  pupil 
it  oblong  horizontally,  for  taking  in  a  large  circalar  (pace  of 
ground  ;  the  pu-pil  in  animals  of  llic  cat  kind,  which  climb  in-e*,, 
and  waaC  tolook  upwards  and  downwards,  is  oblong  veitically.  . 
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hence  it  is,  that  thofc  who  begin  to  want  fpetfbclcs, 
are  obliged  to  hold  the  candle  between  the  eye  and 
the  paper  they  read,  that  the  ftrong  light  of  the 
candle  may  force  their  rigid  pupils  into  fuch  a  (late 
of  coniradtioii,  as  will  enable  them  to  fee  diftinftly. 
Thofe  who  are  Ihort-fighted,  hava  the  pupils  of 
their  eyesj  in  general,  very  large ;  whereas  in  thofa 
whofe  eyes  are  perfedl,  or  long-fighted,  they  are 
foialler. 

The  whole  of  the  choroides  is  opake,  by  which; 
means  no  light  is  allowed  to  enter  into  the  eye, 
but  what  paflcs  through  the  pupil.  To  render  thia 
opacity  more  perfciS,  and  the  chamber  of  the  eye' 
ftill  darker,  the  pofterior  furface  of  this  membrane 
is.  covered  all  over  with  a. black  mucus,  called  the 
pigmentum  nigrum.  .This  pigimcnt  is  thinneib 
upon  the  concave  lide  of  the  choroides,  near  the 
retina,  and  on  the  fore  fide  of  the  iris;  but  is  thickclh 
en  the  exterior  f)de  of  the  choroides,  and  the  inner 
fide  of  the  uvea. 

The  circular  edge  of  the  choroides,  at  that: 
part  where  it  folds  inwards  to  form  the  uvea,  feems 
to  be  of  a  different  fubftance  from  the  reft  of  tiici 
rpcmbrane,  being  much  harder,  more  denfe,  and: 
of  a  white  colour  ;  it  has  been  called  by  fome  wri-. 
ters  the  ciliary  circle,  becaufe  the  ligamentum: 
ciliare  (of  which  we  fball  foon  fpeak  j  arilcs  from  it. 
Re/ina^  The  third  and  lalt  membrane  of  the- 
^e  is  called  the  retina,  becaufe  it  is  Jpread  like  a. 
M€t  over  the  bottom  of  the  eye  ;  others  derive  thc' 
name  from  the  refemblance  of  the  net  which  thC' 
gladiators  called  retiarii,  cniployed  to  entangle- 
their  antagonifts.  It  is  the  thinneft  arid  leafl 
folid  of  the  three  coats,  a  fine  expanfion  of  the 
medlrtlary  pan  of  the  optic  nerve.  The  convex 
i]fle  of  it  lines  the  chorpides,  the  concave  fide 
covers  the  furface  of  the  vitreous  humour,  termi-. 
nating  where   thc  cho/oictes   foldx   inwards.      It 
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is  an  cflential  oi^n  of  vifion;  on  it  the  images 
of  objetfts  are  reprcfenied,  and  their  pidurc 
formed.  This  membrane  appears  to  be  black 
in  infants,  not  fo  black  at  the  age  of  twenty,  of 
a  grcyifh  colour  about  the  thirtieth  year,  and  in 
very  old  age  almott  white.  The  retina,  however, 
is  always  tranfparent  and  colourlefs :  any  appa- 
rent changes,  therefore,  of  it's  colour  muft  de- 
pend upon  alterations  of  the  pigmentum,  which  is 
feen  through  it. 

Optic  Nerve.  Behind  all  the  coats  is  fituated 
the  optic  nerve,  which  pafles  out  of  the  fcull, 
through  a  fmall  hole  in  the  bottom  of  the  orbit 
which  contains  the  eye.  It  enters  the  orbit  a  lit- 
tle infleded,  of  a  figure  fomewhat  round,  but 
compreiTed,  and  is  infcrted  into  the  globe  of  the 
eye,  not  in  the  middle,  but  a  little  higher  and 
nearer  to  the  nofe  j  an  artery  runs  through  the  optic 
nerve,  goes  ftrait  through  the  vitreous  humour, 
and'fpreads  itfelf  on  the  membrane  that  covers  the 
backfidc  of  the  cryftalline. 

Monf.  Mariotte  has  dcmonftrated,  that  our 
eyes  are  infenfible  at  the  place  where  the  optic 
nerve  enters ;  if,  therefore,  this  nerve  had  been 
fituated  in  the  axis  of  the  eye  itfelf,  then  the 
middle  part  of  every  nbjed  would  have  been  in- 
vifibie,  and  where  all  things  contribute  to  make 
us  fee  belt,  we  Hiould  not  have  feen  at  all ;  but 
it  is  wifely  placed  by  the  divine  artift  for. this  and 
other  advantageous  purpofes,  not  in  the  middle, 
but,  as  we  have  already  obferved,  a  little  higher  . 
and  nearer  to  the  nofc. 

Or  THE  Humours  of  the  Eye. 

The  coats  of  the  eye,  which  inveft  and  fup- 
port  each  other,  after  the  manner  of  an  onion, 
or  other  bulbous  root, 'include  it's  humours,  by 
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which  name  arc  underftood  thrpc  fubftanccs,  the 
one  a  folid,  the  fecond  a  foft  body,  and  the  third 
truiy  a.  liquor.  Thefc  fubflanccs  arc  of  fuch  forms 
and  tranfparcncy,  as  not  only  to  tranfmit  readily 
the  rays  of  light,  but  alfo  to  give  them  the  po- 
fition  bcft  adapted  for  the  purpofes  of  vilion.  ■ 
They  are  clear  like  water,  and  do  not  tinge  the 
object  with  any  particular  colour. 

Aqufous  Humour,  The  moft  fluid  of  the  three 
humours  is  called  the  aqueous  one,  filling  the  great 
interl^ice  between  the  cornea  and  the  pupil,  and 
alfo  the  fmall  fpace  extending  from  the  uvea  to 
the  cryftalUne  lens  ;  it  is  thin  and  clear  like  water, 
though  fomcwhat  more  fpirituous  and  vifcous; 
it's  quantity  is  fo  cbnfiderabic,  that  it  fwells  out 
the  fore  part  of  the  eye  into  a  protuberance  verjr 
favourable  to  vilion.  The  uvea  fwims  in  tha 
fluid.  It  covers  the  forepart  of  the  cryftalline : 
that  part  of  this  humour,  which  lies  before  the 
uvea,  communicates  with  that  which  is  behind, 
l)y  the  hole  which  forms  the  pupil  of  the  eye.  It 
is  included  in  a  membrane,  fo  tender,  that  it  can- 
not be  made  vifible,  nor  prefcrved,  without  the 
moEl  concentrated  lixivial  fluid. 

It  has  not  been  clearly  afcertaincd  whence 
this  humour  is  derived  ;  but  it's  fourcc  muft  be 
plentiful ;  for  if  the  coat  containing  it  be  fo 
Founded  that  all  the  humour 'runs  out,  a.id  the 
eye  be  kept  clofcd  for  a  ftafon,  the  woiuid  will 
heal,  and  the  fluid  be  recruited. 

The  colour  and  confillence  of  this  hunwur 
alters  with  age;  it  becomes  thicker,  cloudy,  and 
lefs  tranfparcnt,  as  we  advance  in  jeirs,  which  is 
one  rcafon,  among  others,  why  many  elderly  peo- 
ple do  not  reap  all  that  benefit  from  f^Clacles 
which  they  might  naturally  cxped:. 

Cryjhlline.  The  fecond  humour  of  the  eye 
is  the  crv/iallhie,  uhich  is  as  tranfparent   as  the 
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purcft  cryftal ;  and  though  lefs  in  qiiantiry  thaji 
the  aqueous  humour,  yet  it  is  of  equal  weight, 
being  of  a  more  denfe  and  folid  nature;  in  con-" 
fiftency  it  is  fomewhat  like  a  hard  jelly,  growing 
fofter  from  the  middle  outwards.  It's  form  is" 
that  of  a  double  convex  lens,  of  unequal  convexi- 
ties, the  moft  convex  part  being  received  into  an 
equal  concavity  in  the  vitreous  humour. 

The  cryftalline  is  contained  in  a  kind  of  cafe^ 
or  capfule,  the  fore  part  of  which,  is  very  thick 
and  elaftic,  the  hinder  part  is  thinner  and  fofter. 
This  capfule  is  fufpended  in  it's  place  by  a  muf- 
cle  called  ligamentum  eiliare,  v.  hich,  together  with 
the  cryftalline,  divides  the  globe  of  the  eye  into 
two  unequal  portions  j  the  firft  and  fmaller  one 
contains  the  aqueous  humour,  the  hinder  and 
larger  part  the  vitreous  humour.  The  cryftalline 
has  no  vifible  communication  with  it's  capfule, 
for  as  foon  as  this  is  opened  the  humour  withia 
flips  clean  out-. 

The  cryftalline  is  placed  fo,  that  it's  axis 
correfponds  with  that  of  the  pupil,  and  confc- 
quently  it  is  not  exaflly  in  a  vertical  plane  divid- 
ing the  eye  into  two  equal  parts,  but  fomewhat 
nearer  the  nofe.  It  is  formed-of  concentric  plates 
or  fcales,  fucceeding  each  other,  and  thcfe  fcales 
are  formed  of  fibres  elegantly  figured,  and  wound 
up  in  a  ftupcndous  manner;  thefc  are  conneifted 
bv  cellular  libres,  fo  as  to  form  a  tender  cellular 
texture.  Between  thcfe  fcales  is  a  .pellucid  li- 
quor, which  in  old  age  becomes  of  a  yellow  co- 
lour. The  innermoft  fcales  lie  clofer  together, 
and  form  at  laft  a  fort  of  nucleus,  harder  than  the 
reft  of  the  iens.  The  ciyftalline  has  no  viliblc 
communication  with  it's  capfule,  fo  that  when 
this  is  opened,  it  readily  fitps  out :  fomc  fay,  that 
a  fmall  quantity  of  water  is  cffufcd  round  it. 
Lccuwcnhocck  has  computed  that  there  arc  near 
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two  thoufand  laminae,  or  fcales,  in  one  ciyftaHine, 
and  that  each  of  thefe  is  made  up  of  a  fingte 
fibre,  or  fine  thread,  running  this  way  and  that* 
in  fcveral  courfes,  and  meeting  in  as  many  centers, 
and  yet  not  interfering  with,  or  croITmg  each 
other. 

The  yellow  colour,  wherewith  the  cryftallinC 
is  more  and  more  tinged  as  we  advance  in  years, 
rauft  make  all  objeds  appear  more  and  more 
tinged  with  that  colour;  nor  docs  our  being  in- 
fenfible  of  any  change  in  the  colour  of  objedts, 
prove  to  us  that  their  colour  continues  the  fame  ; 
for  in  order  that  we  fiiould  be  fenfible  of  this 
change,  the  tiniflure  muft  not  only  be  confidcr- 
able,  but  it  muft  happen  on  a  fudden,  as  will  be 
more  fully  explained  hereafter.  In  the  cacaraCt 
it  is  opake ;  the  feat  of  -this  diforder  is  in  the 
cryftalline  lens. 

Fitreous  Humour.  The  vitreou*  is  the  third 
humour  of  the  eyej  it  receives  it's  name  from 
it's  appearance,  which  is  like  that  of  melted  glafs. 
It  is  neither  fo  hard  as  the  cryftalline,  nor  io  li- 
quid as  the  aqueous  humour  1  it  fills' the  greaCeft 
part  of  the  eye,  extending  from  the  infertion  of 
the  optic  nerve  to  the  cryftalline  humour.  It  fup- 
ports  the  retina,  and  keeps  it  at  a  proper  diftance 
for  receiving  and  forming  diftindt  images  of  ob- 
jeds. 

The  vitreous  humour  is  contained  in  a  very, 
thin  pellucid  membrane,  aqd  concave  at  it's  fore 
part,  to  receive  the  cryftalline ;  at  this  plafe  it's  ■ 
membrane  divides  into  two,  the  one  covering  the 
cavity  in  which  the,  cryftalline  lies,  the  other 
palling  above,  and  covering  the  fore  part  of  the 
cryftalline,  thus  forming  a  kind  of  Iheath'  for 
the  cryftalline.  The  fabric  of  the  vitreous  hu- 
mour is  cellular,  the  futtftancc  of  it  being  divi- 
ded by  a  very  fine  tranfparent  membrane  into  cel- 
2  lutes, 
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Iiilcs,  or  little  membranous    compartments,  con« 
taining  a  very  tranfparcnt  liquor. 

Ligamentnm  Ciliare.  There  is  ftill  one  part 
to  be  defcribed,  which,  though  very  delicate  and 
{man,  is  of  great  importance ;  it  is  called  the 
ligamentum  ciliare,  bccaufe  it  is  compofed  of 
fniall  filaments,  or  fibres,  not  unlike  the  cilia, 
or  eyelafhes  ;  thefe  fibres  arife  from  the  infidc  of 
the  choroides,  alt  round  the  circular  edge,  where 
it  jwns  the  uvea;  from  whence  they  run  upon. 
the  fure  part  of  ihe  vitreous  humour,  at  that  place 
where  it  divides  to  cover  the  cryftalline;  thofc 
fibres  are  at  fomc  diftance  from  one  another,  buc 
the  interfVices  are  filled  up  with  a  dark-coloured 
mucus,  giving  it  the  appearance  of  a  black  mem- 
brane. 

Of  the  Figure  representing  the  Eye. 

Figure  I,  reprefents  a  fciSion  of  the  eye 
through  the  middle,  by  an  horizontal  plane  pafling 
through  both  eyes  j  the  diameter  of  the  figure 
is  about  twice  the  diameter  of  the  human  eye. 

The  outermoft  coat,  which  is  called y(7('rc//V<i, 
is  rcprefcntcd  by  the  fpace  between  the  two  exte- 
rior circles  BFB;  the  more  globular  parr,  ad- 
joining to  the  fcleroiica  at  the  points  B  B/  re- 
prefented  by  the  fpace  between  the  two  circles 
at  BAB,  is  the  cornea. 

The  next  coat  under  the  fclerotica  is  a  mem- 
brane of  Icfs  firmncfs,  reprefentcd  by  the  two 
innermofl:  circles  of  BFB,  and  called  the  cbo~ 
roides. 

Adjoining  to  the  choroides,  at  B  B,  is  a  flat 
mcmbrant,  called  the  uvea,  aa  is  the  pupil, 
being  a  fmall  hole  in  the  uvea,  a  little  nearer  the 
nofc  than  the  middle. 

V  the 

DiailizodbvGoOglf    ■ 


Nature  AND  Properties  OF  Light.    '  287 

V  the  optic  nerve;  the  fibres  of  this  nrrvc, 
after  their  entrance  into  the  eye,  fpread  thcm- 
feivcs  over  the  choroides,  forming  a  thin  mem- 
brane, called  the  retina,  and  is  reprcfented  in 
the  figure  by  the  thick  (hade  contiguous  to  the 
circle   BFB. 

EE  is  the  cryftallinf  humour;  it  is  fufpended 
by  a  mufcle  BbbBj  called  the  /igamentum  cili~ 
are.  This  mufcie  arifes  behind  the  uvea  at  BB: 
where  the  fclerorica  and  cornea  join  together  at 
b  b,  it  enters  the  capfula,  and  thence  fpreads  over 
a  great  part  of  it's  anterior  furface. 

The  aqueous  humour  occupies  the  fpace 
BABbCb. 

The  larger  fpace  BbDbBF  contains  the 
•vitrenus  humour. 

The  foregoing  defcription,  I  prefume,  ■«i!l 
be  found  fufficient  to  give  a  general  idea  of  the 
conftruciion  of  this  wonderful  organ :  for  a  ful- 
ler account  I  muft  refer  you  to  the  writers  on  . 
anatomy.  Enough  has  been  exhibited  to  ftiew  with 
what  art  and  wifdom  the  eye  has  been  conftrudted, 
"  And  he  muft  be  very  ignorant  of  it's  ftrutflure, 
or  have  a  ftrange  caft  of  underftanding,  who  can 
ferioufly  doubt,  whether  or  not  the  rays  of  light  and 
the  eye  were  made  for  one  another,  with  confum- 
mate  wifdoni,  and  perfetS  (kill  in  optics." 

"  If  we  fhould  fuppofe  an  order  ofiieings  en- 
dued with  every  human  faculty  but  that  of  light, 
how  incredible  would  it  appear  to  fuch  beings,  ac- 
cuftomed  only  to  the  flow  information  of  touch,  ■' 
that,  by  the  addition  of  an  organ,  confilHng  of  a 
ball  and  focket  of  an  inch  diameter,  they  might  be 
enabled,  in  an  inftant  of  time,  without  changing 
their  place,  to  perceive  the  difpofition  of  a  whole 
army,  the  order  of  a  battle,  the  figure  of  a  magni- 
ficent palace,  or  all  the  variety  of  a  bcautifuMand- 
fcape  ?  If  a  man  were,  by  feeling,  to  find  out  the 
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figure  of  the  Peak  of  TenerifFe,  or  even  of  St. 
Peter's  church  at  Rome,  ic  would  be  the  work  of 
a  life-time. 

"  It  would  appear  ftill  more  incredible  to  fuch 
beings  as  we  have  fuppofedj  if  they  were  informed 
of  the  difcoveries  which  may  be  made  by  this 
little  organ,  in  things  far  beyond  the  reach  of  any 
other  fenfe.  That,  by  means  of  it,  we  can  find  our 
way  on  the  pathlefs  ocean,  traverfe  the  globe  of 
the  earth,  determine  it's  fize  and  figure,  meafure 
the  planetary  orbs,  and  make  difcoveries  in  the 
fphcre  of  the  fixed  ftars. 

'*  Would  it  not  appear  ftill  more  aftonilhing 
to  thcfe  beings,  if  they  fhould  be  further  informed, 
that  by  means  of  this  organ  we  can  perceive  the 
t  empers  and  difpolitions,  the  afFedlions  and  paffions, 
of  our  fcl low-creatures,  even  when  they  want  moft 
to  conceal  them  ?  that  by  this  organ  we  can  often 
perceive  what  is  ftrait  and  crooked,  in  the  mind  as 
well  as  the  body?  that  it  participates  of  every 
mental  emotion,  thefofteft  and  moft  tender,  as  well 
as  the  moft  violent  and  tumultuous?  that  it  exhi- 
bits thefe  emotions  with  force,  and  infufes  into  the 
foul  of  the  fpciiiator  ti.c  fire  and  the  agitation  of 
that  mind  in  which  they  originate?  To  many 
myfterious  things  mnft  a  blind  man  give  credit,  if 
he  will  believe  the  rt-latinns  of  thofe  that  fee!  his 
faith  muft  exceed  that  which  the  poor  fceptic  de- 
rides as  impoffible,  or  condemns  as  abfurd. 

"  Ic  is  iK)t,  therefore,  w^ithout  reafon,  that  the 
faculty  of  feeing  is  looked  upon  as  more  noble 
than  the  other  fenfes,  as  havini;  fomething  in  it 
fuperior  to  fcnfation,  as  the  f'mCs  of  the  undcr- 
ftanding,  the  language  of  intelligence.  The  evi- 
dence of  reafon  IS  called y^m-;'',  not  feeling,  fmelU 
jng,  taftingj  nay,  we  exprefs  the  manner  of  the 
divine  knowledge  hy  feeing,  as  that  kind  of  know- 
ledge which  is  the  moft  perfect  in  ourfelves."* 

Op 
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tlie  ttptefentltion  of  objcAs  upbA  a  fheet  of 
fApet,  by  means  of  a  telu  placed  at  a  hole  in  a  win- 
□ow-fliuttCTr  is  ezcccdingl/  fimilar  to  what  hap* 
teiw  to  Our  eyet  when  we  view  objeAst  For  vi* 
uoti,  fo  far  As  our  tyet  ar£  concemedf  confifts  in 
tioching  but  fiich  a  rcfra^on  of  the  rays  of  light  by 
the  cranrpuent  Odns  and  humOurs  of  the  eye  as  wiU 
form  a  dtftin£l  pidurc  of  the  objed  on  the  rccida. 
For  the  Itru^birc  of  the  eye  plainly  indicates^  that 
in  Mder  to  attain  diftindt  vifioii,  it  is  neceflary  that 
a  certain  quantity  of  rays  from  every  viGble  point 
t}f  an  obje<!t  (hould  be  united  at  the  bottom  of  the 
cye»  and  that  the  points  of  union  of  the  rays  of  tho 
afferent  pencils  fliould  be  as  diftindl  and  feparatc 
as  pDlHble. 

The  eye  U  admirably  contrived  for  cffeAing 
thefe  purpofcs :  all  the  rays  coming  frotn  any  vifible 
point  of  an  obje&i  that  can  enter  the  pupil»  are 
united  dof^ly  together  upon  the  retina,  and  there* 
by  make  a  much  more  powerful  and  ftronger  im- 

-  prcflion  than  a  fii^e  ray  atone  could  do ;  to  anfwer 
this  purpofe,  the  retina  is  placed  at  a  proper  dif- 
cance  behind  the  refrai^ng  furfaccs,  and  each  pen> ' 
cil  of  rays  is  refra&ed  orderly  into  diftind  focufes, 
that  the  whole  objei^  may  be  diftindUy  &en  at  the 
lame  inftant. 

■    Thefe  eAe^s  arc  owing  to  the  refraflion  of  th* 
rays  of  light  t  for  if  thefe  rays  were  not  fo  refra^ 

.  ed,  very  tew  of  them  would  ftrike  upon  the  leaft 
fentible  point  of  the  viiionary  nerve,  and  the  rays 
from  different  objc^,  or  from  difibrent  parts  of 
the  fame  t^jeds,  wouhl  ftrilce  at  the  fame  place  at 
once,  and  thus  create  an  indiftindncis  equal  to 
blindnefs. 

When  the  light  i»  weak  or  fireng,  the  pupil  is 
Vol..  11.  .U  accordingly 
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accordingly  enlarged  or  concraded,  for  the  admir- 
fion  of  more  or  fewft  rays,  thai  the  imprcflions  on 
the  retiiU  may  be  rendered  fuitable  to  the  refpec- 
tivc  cafea. 

As  the  cryftallinc  humoar  i$  den&ft  in  the 
middle,  it  is  highly  probable  that  it  is  not  equally. 
refradlive.  This  difference  in  denfity  of  the  con* 
ftituent  parts  of  the  cryftatKne  is  admirably  coo- 
trived  for  corred^liag  the  aberration  from  it's  figure^ 
as  well  as  chat  of  the  cornea.  The  more  remote 
lays  <^  each  pencil,  by  palTing  through  a  medium  . 
gradually  diminishing  in  dcnuty  from  the  middle 
towards  the  extremes,  have  their  focufcs  gradually- 
Jengthened,  which  correct  the  aberrations  of  the 
figure,  that  fo  they  may  unite  nearer  together.  The 
concave  figure  of  the  retina  is  fomew'hat  fervlce- 
able  for  the  fame  porpofe. 

It  is  by  no  means  c^y  to  determine  with 
accuracy  the  meafure  of  refraAioai  of  the  dificrcnc 
humours  of  the  eye ;  from  Tuch  experiments  as 
.could  be  inadet  it  has  been  found  that  the  refrac- 
tive powers  of  the  aqueous  and  vitreous  humours 
are  much  the  fiune  with  common  water,  ami  thac 
of  the  cryftatline  a  little  greater. 

The  cornea  and  aqueous  humour  being  fuppo- 
fed  to  have  the  fame  refradive  powers,  all  three 
may  be  ctmiidered  as  one  deiifc  medium,  whofe  re-. 
fra^ive  furface  ts  the  cornea ;  and  the  crylHUine 
humour  may  be  conftdercd  as  a  convex  lens,  placed 
in  a  given  pofition,  within  the  laid  medium. 
Whence  the  humours  of  the  eye  all  together  maka 
a  kihd  of  compound  lens,  whofe  tfiett  in  refrad- 
tng  rays,  having  a  given  focus  of  incidence,  is  cafily 
found  by  the  laws  of  optics. 

I  have  confl^rut^ed  three  models  to  explain  the 
adiiion  of  the  rays  of  light  upon  the  eye.  Thcfc 
models  arc  reprefcnted  at  jig.  8  and  9,  pi.  3 ;  ./i^.  i  o, 
pi.  4.    llie  rays  of  light  are  here  formed  of  fdk 

firings 
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ftrings  of  different  colours ;  the  globe  of  the  eye  is 
rfcprefentcd  by  a  glafs  ball.  Fig.  8,  pL  3,  is- the  na-* 
tural  ftate  of  the  eye.  Fig.  g,  pi.  3,  reptefents  the 
rays  falling  fhort  of  the  retina  for  a  fhoK-fighted 
eye.  Pig.  10,  ^/.  4,  exhibits  the  adtion  of  the  rays 
in  a  tong--fightcd  eye.  Let  P  Q  R,  fig'  8,  pi.  3,  be 
an  objedt ;  then  the  pencils  of  light  B  P  B,  BOB, 
B  R  B,  from  the  points  P  Q  R,  are  firft  refraaed  by 
the  cornea,  fo  as  to  belong  to  focufes  behind  the 
eye  {  then  by  the  anterior  furface  of  the  cryftalline 
humour,  they  are  again  rcfradlcd  towards  focufes 
nearer  to  the  eye  than  before ;  and  lallly,  in  going 
out  of  the  cryftaliine  into  the  vitreous  humourj 
they  are  again  refrad:ed,  fo  as  to  unite  in  the  points 
pqr.  In  like  manner,  the  pencils  of  rays  coming 
to  the  cornea  from  every  phyfical  point  of  the  ob- 
je<ft  PQR,  are,  by  the  different  refracting  furfaces 
of  the  eye,  brought  orderly  to  unite  upon  the  re- 
tina, and  there  form,  as  it  were,  an  image  pqr  of 
the  object  but  in  an  inverted  pofition ;  the  upper 
part  of  the  obje«5l  being  painted  upon  the  lower 
pari  of  the  retina,  the  right  fide  of  the  objeiit  upon 
the  left  of  the  retina,  and  fo  of  other  parts.  Thus 
the  cavity  of  the  eye  is  a  kind'  of  cmkera  ohjcura^ 
the  cornea  and  cryftalline  making  a  fort  of  com- 
pound lens,  whofe  aperture  is  limited  by  the  breadth 
ad  of  the  pilpil.  And  that  the  parts  of  the  eye  are 
adapted  to  produce  fuch  an  image,  may  be  proved 
by  experiment ;  for  if  the  tunica  fclerotica  be  taken 
away  from  the  back  of  an  eye  newly  taken  out  of 
the  head  of  any  animal,  and  this  eye  be  placed  in 
a  hole  made  in  the  window-fhutter  of  a  dark  room, 
fo  that- the  bottom  of  the  eye  b^  towards  you,  a 
beautifi)!,  but  inverted,  pi^re  of  external  objefta 
will  be  exhibited,  painted  7n  the  moft  lively  co- 
lours. 

If  the  humours  of  the  eye,  by  age,  or  any  other 

caufe,  (brink  vid  decay,  the  cornearand  cryllalline 

U  a  grow 
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00*  fltMFor  than  b^re  1  and  the  njB  not  being 
Siff ckntly  bcn(,  itnrive  ac  the  recioa  before  they  are 
utiiced  in  their  focus,  and  meet  in  fome  place  be- 
hind it,  ic<  jig.  15,  pi*  4,  and  therefore  form  an  im- 
pcrfe^  pii^urc  at  the  bottom  of  the  eye,  and  cxht* 
bk  tho  objei^  in  a  ccm&iled  and  indilliiiA  manner.. 
Tint  defed^»  of  which  we  flull  treat  more  particu- 
tarly  hereafter^  is  remedied  by  fpet^les  with  con- 
vex ^aiTeq,  which,  by  increaftng  the  refra<^ion  of 
the  nyi  of  light,  cauie  them  to  convei^e  more,  and 
thus  convene  diftindlly  at  the  bottom  of  the  eye. 

On  the  other  hand,  if  the  cornea  and  cryftal- 
line  be  too  convex,  the  rays  utute  before  their  ar- 
rival at  the  retina,  fee  fg.  9,  ^.  3 ;  and  the  image 
cherevnisof  coude  indiitinifi.  This  defe<S,  like  the 
preceding  one,  may  be  remedied  by  the  ufe  of 
glafle^  though  of  a  contrary  fi^;ure ;  for  here  they 
mtift  be  cottcave,  instead  of  convex :  a  lens,  of  a 
pn^r  cMuravity,  placed  before  the  eye,  will  make 
the  lays  diverge  fo  much  more  than  they  do  in  their 
naturid  jQmc*  m  will  caufc  them  to  weet  at  the 
rtfiiMu 

Off  THt  Abtificmjl  Eve. 

-  If  thti  eye  of  an  animal  be  taken  out;*  and  the 
fliin,  and  fai  be  carefully  ftri;^>ed  off  from  the  back 
part  of  it.  till  only  the  thin  memixane,  which  i» 
caUed  the  retina,  remains  to  terminate  it  behind 
■ad  aof  objcd  be  placed  before  the  ffdht  of  the 
€yc,  the  pi«u«  of  that  objeft  will  be  fecn  fibred 
Wwitha  pencil  on  the  tecuia.  There  «re  tboi^infU 
•f  CKperimcnta  which  prove  dutt  this  is  the  aac'- 
chanical  cStSt  of  vifion  i  bw  nona  of  shem  Which 
reodcz  it  fo  evident  as.  thb  with  the  eye  qf  ao  «Ur> 
mal ;  an  eye  of  an  ox  newly  killed,  fhews  it  h|m|^» 
and  with  very  littlettoubleJ  '  .^- 

The  opcictt  efic^  «f  vilwn  mf  bcrery  pLol- 
angly 
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ftBf^y  and  Utis(a£ioTily  iUuftracol  by  the  inftni'* 
fncK  which  is  atlted  an  artificial  eye^  and  vMsh 
has  been  lately  Cfmfideiably  ioaproved  hy  Mr. 
Smith. 

'Hie  artificial  eye  is  fo  conftruiScd  as  apt  Qvif 
to  Ibew  the  optical  cffofU  of  vifion^  btft  to  ^tw  alw 
on  accurtfe  idea  of  it's  confomution.  h  u  one  of 
fhe  moft  perfrd  and  fatisfa^ry  inftnunentB  in  » 
philofophical  apparatus. 

'  The  part  rcprefenting  the  globe  of  them. 
And  containing  the  humours,  is  fixed  in  a  focKCf: 
where  it  may  be  moved  in  any  dircAioo.  Thi» 
focket  is  fixed  to  a  fcrcen  to  ihadc  the  eye,  that  the 
pifturc  formed  on  the  back  part  may  be  more  dif* 
tmdl:  the  hole  in  the  front  of  the  fcreen  is  fliape4 
and  coloured  fo  as  to  exhibit  ncaiiy  the  fonn  of 
our  eye. 

Take  the  eye  in  your  hand,  and  turn  it  to- 
wards any  bri^t  obje^,  u  a  moderate  diflance; 
and  you  will  fee  a  lively,  beautiful,  diftindt;  but  ioi- 
verted  pif5bure  of  the  obje^fl  before  it,  00  tie  roi^ 
put  of  the  glafs  rcprefenting  the  retiv, 

Unfcrew  the  cover  that  confioes  the  halt  of 
the  eye^  and  take  it  out  that  we  mair  dille^  it,. 
The  outermoft  coat  reprcfents  the  fcUr^Hta't  the 
more  protuberant  part  is  the  cornea^ 

This  being  removed,  yat^  find  a  pluo-convex 
lens,  reprefentiM  the  firfi  chamber  of  the  aquMus 
humour;  under  this  is  ^fl«t  piece  of  cortoifefhcU,  Co 
reprcfent  iAvg  iris,  with  a  hole  In  the  middle  ^  the 
pupil  I  this  being  removed,  you  find  a  plano-coo- 
cave  lens,  forming  the /ifiT^tfi/chaii^r of  theaqo^. 
ous  humoun  Now  take  off  the  fecood  coat,  or  the 
choroides,  and  you  will  find  a  fmall  lens,  whofe 
fides  are  of  unequal  cimvexities,  to  reprcfent  ch^rr;'- 
^allifu  humour ;  underneath  this  is  a  large  gl^  of 
the  fliape  EDE  V,/f.  10,  pi.  3,  occupying  the  reft 
U  3  «f 
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of  the  globular  fpace,  and  anfwering  to  die  vitreous 
humour. 

To  reprefent  the  nature  of  vifion  in  a  long- 
lighted  eye,  I  ftibftitute  a  plano-convex  lens  for  the 

'  firft  chamber  of  the  aqueous  humotir,  whofe  con- 
■veiity  ft  ftfs  than  that  we  ufed  before.  Turn  th* 
eye,  in  this  ftate,  towards  a  bright  objeft,  and  yo« 
■find  the  image  thereof  is  very  impcrfel9:  on  the  re- 
tina ;  but  on  applying  a  proper  fp^^cle  glafs  be- 
fore the  eye,  you  obtain  a  perfeft  image.  ■ 

By  fubftitufing  a  more  convex  lens  for  the  firft 
chamber  of  the  aqueous  humour,  we  have  a  fhort- 
fighted  eye,  and  an  imp?rfeft  pidurc  on  the  retina: 

■  by  pla,cing  a  proper  concave  lens  before  the  eye, 
the  rays  are  rendered  lefs  convergent,  and  made  to 
unite  at  the  retina,  and  there  form  a  diftintft  imago 
of  the  objcjfb  as  before. 

Of  thb  iNVERTiD  Position  of  the  Imagb,  " 

If  vifion  be  owing  to  the  picture  on  the  retina, 
it  may  be  afked,  why  the  objefl  appears  in  it's  na-, 
tural  upright  pqfition  ?  how,  when  nature  draws  the 
picture  the  wrong  way,  her  errors  are  fo  readily 
corrected  ? 

If  it  were  as  eafy  a  tafk  to  give  a  fatisfaftory 
explanation  of  this  abftrufe  queftion,  as  it  is  to  ftart 
objections  to  every  fyftcm  hitherto  fuggefted,  to 
account  for  the  operations  of  the  mind  on  the  body, 
and  the  body  on  the  mind,  it  would  have  been  ex- 
plained long  ago.* 

The  difficulty  would  be  ftill  greater,  if  it  was 
the  picture  we  faw,  and  not  the  object  j  but  the 
piflure  is  notfeen  at  all,  the  eye  can  fee  no  part  of 
jtfelf  J  the  pifturc  i«  th?  jnftnjment,  by  means  of 

which 

^  BeCf  on  thii  Tubjed,  R«i<l  op  the  Mind,  PoTterEeld  on  the 
Eye,  Hartley  on  Man,  Bonnet  i  Eflai  Analytique  fur  I'Aine, 
Berkeley  on  Vilion,  ^c.  9ix. 
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^toh^AwobjcA- is  perceived}  but  k  is  not  per. 

ceiyed  itfelf  j  the  inftrument  neither  perceives, 
ctnnpaies,  nor  judges :  thefe  arc  powera  peculiar  to 
that  pfycological  unity  which  v,t  call  the  mind. 

It  is  abfolutel)^  necciTary,  in  conftderine  this 
fubjeifty  ta  diftingut(h  between  the  organ  of  per- 
ception, and  the  ieiag  thatperceivrs.  A  man  can- 
not fee  the  fatdlites  of  Jupiter,  unlefs  affifted  by  a 
telefcope :  4*^  he  thcfctore  conclude  from  thii. 
that  it  is  the  telefcope  that  fees  thole  fatellites  ?  By 
no  mfeans;  the  concluhon  would  be  abitird:  nor 
^wottld  it  be  lefeiabfurd  to  conclude,  that  it  ia  the 
-eye  that  fees :  the  eye  is  a  natural  organ  of  fight> 
t)ut  the  lutural  ot^n  fees  as. tittle  as  the  artificial. 

Our  feofec  are  inftniments,  (b  framed  by  the 
Author  of  «iir  fceinc,  that  they  correfpond  with, 
or  have  a  determinca  relation  to,  tbofe  qualities  it  . 
object  which  they  are  to  manifeft  to  us.  It  is  thuy 
vith  the  eye;  it  is  an  inltrument  moll  adniinU)Iy 
•contrived  for  manifeftiag  vfUble  obje^  to  the 
mind ;.  for  this  purpofe,  it  rcfrads  the  rays  of  light, 
V)d  forms  a  pidure  upon  the  retina ;  but  it  neither 
Aes  the  ot^e^,  aor  the  piifture.  The  eye  will  re 
frad  the  rays  of  light,  and  form  the  pidure,  after 
jt  is  taken  out  of  the  head,  but  no  vifion  enfues. 
Even,  when  it  is  in  it's  proper  place,  and  perfoflly 
found,  an  <^ftru<flion  in  the  optic  nerve  ukcs  away 
vifion,  though  the  eye  has  performed  all  it's  fiiac* 
tions. 

We  know,  indeed,  how  the  eye  forms  a  pidurtt 
of  vifible objects  on  the  retina;  but  how  chit  pi^urc 
makes  us  fee  objeSs,  we  know  no[:  and  if  experi- 
ment had  not  informed  u$  that  fuch  a  pichire  w«a 
necelTary,  we  fliould  have  been  eotirely  ignorant  of 
it. ,  The  feat  of  fenfation,  wherever  it  is  placed, 
does  not  appear  to  be  psflive  in  receiving  images  t 
the  images  are  the  occafion  of  it's  re-a<^Hon,  and 
(iiretSing  a  ray  from  itfelf  towards  every  ohje<^  ic 
U  4  perceives  I 
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perceives;  and  this aAion and r&^Aion arc  vecipro* 
cal.  Hence  we  often  fee  objeda  when  the  «)re  ii 
turned  from  them,  and  ofun  do  not  fcff  the  <A>}c£k 
on  which  the  eye  is  turned,  if  the  anaption  b« 
ocherwife  oigKged. 

The  pit^rcs  upon  the  retina  are>  h«wev«ir.  a 
mean  of  vifion ;  for  fuch  as  the  pi^re  ht  or  fiich 
as  the  a<ftion  of  the  rays  of  light  is  on  the  retina, 
fuch  is  the  appearance  of  the  obje^  in  cc^oiir  and 
figure,  diftin<flnefs  or  indiilinAoefs.  bifightnefs  or 
laintnefsi  but  aa  we  are  totally  ^;norant  of  tho 
mecbanifm  of  the  mind,  or  of  the  oj^aniaatioit  of 
the  mental  eye,  we  cannot  fay  how  this  tffti&  ope* 
rates,  and  can  only  conclude,  that  the  natural  cyo 
is  an  inftrument  of  viAoo. 

It  appears  very  clear  from  Dr.  Darwin's  e^ 
|>enments,  chat  the  retina  is  often  in  an  aSive  Sax/e^ 
and  that  upon  the  adivity  of  this  o^an  many  <^ 
the  phenomena  of  vifion  depend  i  an  impreflion  on. 
the  retina  being  Arft  made  by  an  adtive  power« 
which  produces  a  conformable  change  and  re^r 
aiHiion,  that  paffes  diretftiy  to  the  fenforium,  occ>* 
iiQniii|;,  though  in  an  unknown  manner,  the  pert 
ception  of  objeifts. 

On  a  fubjcd,  therefore,  confielTedly  fo  obfcure^ 
9ti4  which  is  perhaps  beyond  the  limits  of  human 
conception  in  it's  prcfcnt  flste,  zvery  eiplanatioii 
inuft  oe  imperfedi,  every  illuftration  inadequate. 
Among  the  various  attepipts  of  human  fagacity.  t* 
jhpw  why  an  inverted  im^e  is  the  mean  of  exhi- 
biting objecls  Co  the  mind  in  an  upright  polition, 
the  following  is  perhaps  one  of  the  leaft  imperfe^ 

£very  point  of  an  obje^  is  feen  in  the  diretftioa 
of  a  right  line,  pafTmg  from  the  pidlure  of  that 
point  on  the  retina,  through  the  center  of  the  eye, 
to  the  obJeA  point ;  and,  therefore,  fuch  points  in- 
dicate to  the  mind  the  exigence  of  the  objeS  point, 
ipd  it's  true  fituation  -,  and  of  coucfe,  that  the  ob- 

L,„,i,z.d..,  Google 
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jed.  whofe  picture  is  lowed  on  the  retina,  muft 
•c  feen  in  the  hi^A  direSion  from  the  eye ;  and 
that  objcA,  whofe  picture  is  on  the  right  of  the 
retuu,  nuift  be  feen  oo  the  left :  fo  that  by  a  na. 
tural  law  of  our  conftitution,  we  fee  objeai  trcSt 
by  inverted  images,  and  if  the  pidures  had  been 
cred  en  the  retina,  we  fiiould  have  feen  the  objeft 
inverted.* 

But  fuppofing  the  preceding  illuftration  to 
be  the  true  one,  and  quite  fatisfadlory,  nuiijr 
(jifficulties  ftill  remain,  to  perplex  the  ^ilo* 
fopher,  and  cmbarrafs  the  anatomift.  There 
nre  parts  of  the  eye  which  aflift  in  perfedb* 
ing  the  organ  of  vifion,  whofe  nature  and  func- 
cioDs  are  among  the  deliderau  of  fcience.  We 
•re  ignorant  of  the  ofHce  of  the  optic  nerve, 
or  in  what  manner  it  performs  that  office.  That 
it  has  fomc  part  in  the  faculty  of  feeing,  is  evi- 
dent ;  becaine  in  an  amaurolis^  which  is  faid  to 
-  be  a  difordcr  of  the  optic  aerve,  the  piSures  on 
<he  retina  are  clear  and  di[linv%  and  yet  there  i« 
po  viflon. 

We  know  ftill  lefs  of  the  ufe  and  funAtons 
•f  rhe  choroid  membranei  it  is  neceflary,  how- 
ever, to  vifioD  1  for  it  is  well  known,  that  a  pic- 
ture upon  that  part  of  the  retina  where  it  is  not 
covered  with  th«  choroid,  fiamely,  at  the  entrance 
of  the  o|ttic  nerve,  produces  no  more  vifion  than 
a  pidure  upon  the  hand.f  There  are,  therefor^ 
other  material  organs,  whofe  operations  are  ne- 
ceflary  to  feeing,  even  after  the  pidures  upon  the 
retina  are  formed^  whenever  we  become  acquainted 
'   with 

*  Rcid  on  the  Ifumm  Miod, 

-t  This  ia  not  cooclufive,  for  where  there  ii  no  e)imoi4,  Oww 
it  no  retina,  the  optic  nerve  being  not  yet  expanded  inw  that 
nenbTane.  If  the  choroid  wat  taken  away  fiorn  beSind  iIm 
Rtina,  there  is  r^albs  to  believe  that  vtfiop  wouU  Aill  tak« 
pUoe. 
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with  the  Hfe  of  thtfe  parts,  more  links  of  the. 
chain  will  be  brought  into  our  view,  and  we  (half 
better  comprehend  this  wonderful  inftrument. 

Having  had  occafion  to  mention  that  there  is 
no  viiion  produced  by  that  part  of  the  retina 
which  is  not  covered  by  the  choroid  membrane,' 
it  will  be  proper  to  iMuftrate  this  circumftance 
more  fully,  and  (hew  in  what  manner  this  faA 
has  been  afccrtajned,  the  difcovery  of  which  oc- 
calioned  a  long  controverfy  concerning  the  proper 
feat  of  vifion. 

Experiment.  Fix  three  black  patches,  AiB,C, 
upon  a  white  wall,  at  the  height  of  the  eye,  A 
being  to  the  left,  and  C  to  the  right :  place  your- 
felf  facing  thefe  patches,  ftiut  the  right  eye,  and 
dirciS  the  left  towards  the  patch  C,  you  will  then 
fee  both  A  and  C,  but  the  middle  patch  B  will 
difappcar.  Or  if  the  left  eye  be  fliut,  and  the 
right  dirciled  towards  A,  you  will  ftitl  fee  both 
A  and  C,  but  B  will  difappear.  If  the  eye  be: 
direfted  towards  B,  both  B  and  A  will  be  fecn,' 
and  not  C;  for  which  ever  of  the  patches  is  di- 
recflly  oppofite  to  the  optic  nerve  vanifhcs.  This 
experiment  is  rather  difficult  at  firft,  but  becomes 
cafy  by  a  little  praftice.  In  our  ufual  intercourfe 
with  common  objcdts,  we  are  not  fenfiblc  of  thia 
defcft,  becaufe  we  turn  the  vifual  parts  of  the 
eye  with  fo  much  rapidity  upon  the  invMible  part 
of  the  objed,  that  the  bfs,  without  pticuliar  at- 
tention, is  imperceptible ;  this  lofs,  however,  in 
one  eye,  is  remedied  by  the  ufe  of  both,  as  the 
part  of  the  obj'ed  that-  is  not  feen  by  one,  will 
be  diftinrtly  perceived  by  the  other.  This  defc(S 
of  fight,  though  common  to  every  human  eye, 
UM  never  known,  until  it  was  difcovered  by  the 
fogacity  of  Monf,  Mariptte  in  the  laft  century. 

Of 

,  DolizodbyGoOgle 


Katttre^akd  Propcrtiesof  Light.       199 


Of  the  Exteht  or  Limits  op  Visiov. 

Having  confidcred  the  general  principles  of 
vifion,  I  fliall  now  proceed  to  confider  further 
the  nature,  properties,  and  extent  cff  power  of 
the  eyes.  ■  As  in  a  dark  chamber,  a  very  pender 
beam  of  tight  is  vifiblei  fo  in  all  cafes  when  the 
furrounding  medium  is  very  dark,  objects  arc 
fecn  by  fmall  quantities  of  light.  Hence,  whei| 
the  medium  round  the  eye  is  dark,  a  fmall  quan- 
tity of  light  will  fufficc  for  vifion,  the  eye  being, 
by  the  exctufton  of  the  adventitious  Hght,  rendered 
fenfible  to  the  mod  delicate  impretlions. 

The  extent,  therefore,  of  our  fight  is  increafed 
or  diminiflied,  in  proportion  to  the  quantity  of 
light  that  furrounds  us,  fuppoling  the  illumina- 
tion of  the  objed  to  remain  the  fame.  Hence  ic 
has  been  calculated,  that  if  the  fame  obje<5t,  which 
during  the  day  we  fee  at  the  diftance  of  3436 
times  it's  diameter,  were  equally  illuminated  du- 
ring the  night,  it  would  be  vifible  at  too  timcf 
greater  diftance. 

Thus  in  a  dark  night  the  feeble  light  of  a 
candle  may  be  feen  at  a  great  diftance;  and  th* 
fixed  ftars.  though  they  have  no  fenfible  diameter, 
arc  vifible,'  alid  the  darker  the  night,  the  more  of 
them  are  feen.  A  certain  quantity  of  light  ii, 
"however,  neceflary,  even  in  this  cafe,  for  vtfioni 
for  the  imprefltons  of  light  from  the  fateltitcs  of 
Jupiter  and  Saturn,  are  too  feeble  to  be  perceived 
without  the  afliftance  of  a  telefcope. 

At  the  approach  of  day,  and  as  the  twilight 
increafes,  the  eye  begins  to  be  enlightened  by  the 
refledion  of  the  atmofphere,  the  ftars  grow  fainter, 
and  in  proportion  as  the  light  increafes,  gradually 
difappcar,  firft  thofe  of  the  leaft,  and  at  Taft  thofc 
of  the  largeft  ipagnitude.     As  the  day  advances, 

I** 
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the  moon  hcrfcif  lofes  of  her  luftrc,  till  at  length 
her  light  is  overpowered,  and  fhe  is  no  longer 
feen.  In  the  fame  manner,  fmall  particles  are  feen 
floating  in  a  beam  of  tight  let  into  a  darkened  room ; 
but  as  foon  as  the  room  is  enlightened^  thofe  par- 
ticles difaMKar. 

One  of  the  reafons  why  we  are  often  unable 
(6  drftinguiih  diftant  objc&s,  is  the  profiiiion  of 
fays  refleded  from  intermediate  objeds,  which, 
by  their  brilliancy,  prevent  us  from  perceivirtg 
the  fainter  rays  that  proceed  from  thofe  which  are 
more  diftant ;  fo  that  when  the  objeds  are  very 
remote,  their  pidhire  <m  the-  retina  is  eaiily  ob- 
literated, by  tne  vigorous  and  lively  impreflioos 
made  by  thofe  that  are  nearer.  But  when  the 
intermediate  ones  emit  a  feeble  light,  when  com- 
jpared  to  that  .which  proceeds  from  the  more 
fempte  ones,  thefe  will  form  a  difiintft  pidure  on 
rhe  retina,  and  become  perfe<5tly  vifiblc. 

The  extent  of  viflon  is  not  only  limited  by 
the  light  of  the  ambient  medium,  which  enters 
the  eye  with  the  pencils  of  light  that  proceed  from 
furrounding  objc<fls  ;  but  it  is  further  impeded  by 
the  heterogeneous  particles  that  are  conAantly 
^tin^  in  the  air:  thefe,  by  their  opacity  and 
reiledive  power,  form  a  kind  of  veil,  that  obfcures 
the  viiion  of  remote  obje<^ ;  and  the  more  the 
medium  is  loaded  with  thefe  particles,  and  the 
more  remote  the  objeA  is  from  the  fpci^tor,  the 
more  obfcurc  and  indiftin<fl  if  will  appear,  and 
the  limits  of  vifion  be  more  co<ifuKd. 

The  exhalaticHis  which  continually  nfe  from 
the  earth,  augment  this  obfcurity,  and  render  the 
air  lefs  tranfparent,  efpecially  near  the  earth:  the 
celeftial  bodies  generally,  therefore,  appear  more 
obfcure  when  near  the  horizon,  than  when  they 
are  at  a  greater  elevation ;  becaufe.  in  the  firfl 
cafe,  they  are  feen  through  that  part  of  the  at, 
1  .  ^  mofphere 
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mofphere  vhich  is  contiguous  to  tlie  furface  of 
the  euth ;  but  in  the  laner.  through  a  part  which 
is  at  a  greater  diftance. 

Every  one  knows,  that  objofb  at  a  given  dif- 
tance  are  more  diftiniflly  feen,  and  are  vtfible  ac 
a  greater  diftance  in  clear,  than  in  fc^gy  weatheri 
Thus  early  in  a  clear  morning,  and  when  the  air 
is  free  frotti  vapours,  and  not  much  enlightened, 
a  hill  or  a  head-land  is  viftble  at  a  great  diftance  1 
but  as  the  day-  advances,  the  land  becomes  more 
obfcurc,  till  at  length,  by  the  great  opacity  of 
the  intervening  vapour,  and  the  lif^t  rcfleAed 
by  it  to  t^  eye,  the  obje<5l  bcconies  lefs  and 
lefs  perceptible,  and  at  laft  totally  dilappean. 
Hills,  and  other  high  lands,  are  feen  more  dilundly 
in  th£  morning,  partly  from  this  circumflance, 
that  by  their  elevation  they  arc  more  illuminated 
than  the  puts  intervening  between  them  and  tltt 
fpeOator. 

But  the  obfcurity  arifing  from  the  exhalatiooa 
is  not  the  leaft  |nrt  of  the  inconvenience  they 
occaiion;  the  riiing  exhalations  have  a  kind  of 
undulating  motion,  tike  that  of  fmoke  or  fbeam, 
fb  that  objects  fcea  through  them  appear  to  have 
a  tremulous  or  dancing  motion,  which  is  ienfible 
even  to  the  naked  eye.  If  diftant  objedts  be 
viewed  on  a  hoc  fummer's  day,  this  eflwd;  is  Co 
DcnUble  in  telefcopes,  as  to  remler  them  entirely 
ufelels  for  terreftrial  objetfls,  when  they  ail- 
ment apparent  magnitude  more  than  eigfaijr 
times. 

From  this  want  of  traafparency  ia  the  at- 
inofpJacre,  arUes  that  gradual  diminution  in  the 
light  of  objcds,  which  painters  call  the  aerial 
perfpcdive,  by  which  they  endeavour  to  give 
that  dqgrsdatioa  of  colour,  and  indiftin<ftnci3  of 
outlines,  pecuU^r  to  obje&s  at  a  diftance:  for  if 
,   the    air   were  pcrfe^Iy    tranfparenr,    an  cbje<5fc 

would 
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vould  be'  equally  luminous  at  all  diftanceSj  bC" 
caufe  the  vilible  area  and  the  denfity  of  light  de- 
creafe  in  the  fame  proportion. 

Another  caufe  which  limits  the  extent  of 
viHon,  and  for  the  removal  of  which  optical-  in-- 
ilruments  are  more  particularly  adapted,  .is  their 
fmallnefs  in  proportion  to  their  difiances :  for 
excepting  in  the  cafe  of  luminous  objedb  feen  in 
the  dark,  it  is  neccflary  that  an  image  on  the  re- 
ti(ia  fhould  have  fome  determinate  magnitude,  in 
onler  to  become  perceptible ;  thus  a  houfe  may 
be  feen  at  a  confiderable  diftance,  but  we  muft 
approach  nearer  before  the  windows  are  difcerni- 
hie,  and  nearer  ftill  to  diftinguiih  the  bricks. 

It  is  not  eafy  to  determine  with  accuracy  the 
quantity  of  the  miHtmum  vijthile,  or  the  ai^le  that 
IS  fubtended  by  the  fmatleft  vifible  objed.  Mr. 
Harris  has  inferred,  from  feverai  experiments,  that 
objet^s  are  feldom  viftble  under  an  angle  lefs  than 
40  fcconds,  and  at  a  medium  not  lefs  than  two 
minutes, 

A  Jimple  oijelft  as  a  white  or  black  fquare, 
upon  the  oppoUte  colour,  is  perceivable  under  a 
lefs  angle  thah  the  parts  of  a  compound  one. 
The  more  objedts  differ  in  colour,  the  more  eafily 
we  can  diftinguiih  their  fevcral  impreflions  on 
the  retina  :  different  degrees  of  light -on  the  fame 
objeft  will  render  it  vifible  at  different  diftances, 
and  under  diffeoent  angles:  indeed  the  moil  ge- 
neral caufe  of  the  non-vifibility  of  objc(5h,  is 
the  want  of  fufRcient  light  in  the  pencils  that  ' 
proceed  from  them;  feverai  contiguous  objeds 
arc  fcarce  difcernible  one  from  the  other,  unlefs 
they  each  fubtend  angles  that  are  not  lefs  thai^ 
four  minutes. 

A  long  {lender  ohjell  is  vifible  tinder  a  fmaller 
angle  than  a  fquare  ohjed  of  the  fame  breadth  :  a 
flender  objed,  as  a  line,  may  be  confidered  as  con- 
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■  fifting  of  feveral  fquares  joined  tt^ther;  and 
though  one  of  thefe  fquares  may  be  too  fmall  tb 
be  leeti,  yec  the  pencils  of  light  comiog  from 
each  of  them  being  contiguous,  and  ftriking  at 
the  fame  time  upon  the  rctina>.are  capable,  b'y 
their  united  strength,  to  awaken  the  vifive  fa- 
culty>  and  fo  to  render  ehe  objeAs  vilible  from 
whence  they  came.  For  the  fame  reafon^  a  /meil 
vbjeU  in  mothn  is  eajier  difceracd  than  if  at  refV, 
'  and  may  be  vifible  in  the  -one  cafe,  though  not' 
-  in  the  other.  A  fraall  ftar,  by  day  «r  twilight, 
zhat  canmit  be  eafily  feen  through  a  telefct^  di- 
redted  to  it,  /will  become  vifibk  by  {baking  or 
moving  the  telcfcope. 

TQcrc  is  a  great  difference  in  the  degree  of 
(enfibility  of  different  eyes.  We  have  been  told 
of  perfons  feeing  a  fatellite  of  Jupiter  without  thfc 
afCftance  of  glares:  a  circumltance  that  to  many 
-appears  incredible.  But  when  we  confider  how 
much  the  various  circumftances  of  4ight  affect 
vifion,  and  how  much  Itirthcr  our.  light  is  ex- 
tended at  Ibme  faiwiwdile  opportunities  than  at 
others,  thefe  extraordinary  accounts  may  be  the' 
more  readily  credited.. 

The  following  calculation  of  M.  de  la  Hire 
wilt  give  fome  idea  of  the  extreme  fenfibitity  of 
the  optic  nerves.  The  fait  of.a  windmill,  fix  fe^ 
in  diameter,  may  be  eafily  feen  at  the  dirtance  of 
4000  toifes,  and  the  eye  being-  fuppofcd  to  t>e  an 
inch  in  diameter,  the  pidhire  of  this  fail  at  the 
bottom  of  the  eye  will  be  the  eight  thoafandth 
part  of  an  inch.  This  iliews  with  what  .wonder- 
ful accuracy  the  Jays  of  light  are  refraded  by  the 
eye,  fo  that  a  pencil  of  rays  coming  from  one 
point  pf  the  objecl,  Ihall.meet  in  a  point-on-  the 
retina,  fo  as  ngt  to  dcvjate  ttic  eight-  tt»auf4ndth 
part  pif  a«  inch. 

If 
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If  an  objed  be  held  too  clofe  to  the  eye.  U 
becomes  indiftinft,  and  the  intfre  fo  the  cloTer  it 
it  held.  Rotwithftanding  it's  appu-enc  magnitude 
is  thereby  increafed,  and  a  very  flendcr  ohje£t  will 
become  toully  invifible. 

To  the  ^nerality  of  eyes,  the  neareft  diftuice 
of  diftinft  vifion  is  about  feven  or  eight  inches  j 
at  this  diftance  they  commonly  read  a  mudl  print, 
and  examine  all  minuce  obje^.  It  is  true  fome 
eyes  can  fee  fmall  objetfls  beft  at  the  difhincc  of 
&t,  four>  and  even  three  inches ;  and  fome  again 
at  twclre^  fifteen,  or  twenty  inches  j  but  thefe  are 
only  particular  cafes,  and  do  not,  therefore,  aflled 
the  prefent  inquiry. 

A  globular  obj^  that  is  lefs  than  -wiv  inch 
in  diameter,  is,  to  the  generality  of  cya,  totally 
JnvifibLe :  and,  excepting  in  few  ciUcs,  an  objeA 
cannoc  beXeen  that  is  lefs  than  x4t  inch  in  diame- 
ter) an  objed  of  that  breadth  fubtendii^  an  angle 
of  I  nin.  at  the  diftance  of  8  inches  from  the  eye. 
But  when  the  field,  on  which  the  objev't  is  placcd« 
is  nearly  of  the  fame  colaor  with  it,  we  cannot  fee 
it  under  ao  angle  lefs  than  about  4.  ssiir.  In  fuch 
circumftances  the  fmallcft  vifible  objcd  is  not  lefs 
than  tH  of  an  inch  in  diameter.  At  a  medium,  ^ 
the  fize  tH  inch  diameter  is  the  lize  of  the  IcaA 
gloWar  objed  dUcenuble  by  the  naked  eye. 

Of  Distinct  and  lN»rsTiMCT  Visiok. 

It  will  be  proper  in  this  place  to  explain, 
with  more  accuracy,  what  i<  meant  by  diftinft 
v^on,  and  what  is  the  difference  between  feeing 
nn  bbjeft  fiiftindily,  and  feeing  it  clearly;  as  the 
cleamefs  or  forightnefs  with  which  an  objeA  is 
feen,  ia  often  confounded  with  diftinA  vifion. 

We  fee  an  objeft  clearly,  when  it  is  fufiicientty 
illuminated,  to  enable  us  to  form  a  general  idea 

of 
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bf  it's  6gure,  and  difttnguifli  it  from  other  ob. 
jc&s  :  we  fee  it  d^in^ly,  when  the  outlines  of 
it  are  well  .defioed,  wheh  we  can  diftinguifh  the 
parts  of  it,  and  determine  their  colour  and  fitu- 
ation.  Thus  we  may  be  faid  to  fee  a  diftant  object 
elearty,  when  we  can  perceive  that  it  is  a  tower  i 
but  to  fee  it  diftin£fly,  we  approach  fo  ma-  a?  to 
be  able  to  determine  not  only  it's  general  out-^ 
line,  but  to  diftinguifh  the  parts  of  which  it  is 
compofed. 

This  may  be  made  more  evident,  by  4(ivert* 
ing  to  the  experiment  of  the  dark  chamber,  in 
which  we  fiiall  find  a  confiderable  difference  be- 
tween the  diftinitnefaand  brightncfs  of  the  pitfture; 
and  learn,  that  a  confufton  of  the  parts  is  not  the 
fame  thing  with  obfcurity. 

For  the  picture  may  be  diftinft  in  all  it's 
parts  ;  the  rays  which  come  from  one  and  the  fame- 
point  in  the  objeii,  may  be  exaiSIy  colleifted  into 
one  and  the  fame  point  upon  the  paper  j  and  yet, 
.  if  but  few  rays  pafs  through  the  lens,  and  confe- 
quently  the  fpace  wIimc.  the  pidure  is  painted 
Jbould  be  but  faintly  enlightened,  this  pi£turc, 
though  it  is  diftinc^t,  will  be  faint  and  obfcure. 
On  the  other  hand,  though  the  pidure  be  coti- 
fufed,  either  becaufe  the  paper  is  placed  at  an 
improper  diftance  from  the  leni,  or  for  any  other 
caufe  i  yet  if  many  rays  pafs  through  the  lens,  and 
ftrongly  illuminate  the  paper,  the  pidurc,  not- 
withrtanding  tlie  want  of  diftioitnefs,  will  be  a 
bright  one. 

The  brightntjs  or  clearnefs  wr'ib  which  an  objeit 
is  /een,  depends  principally  on  the  following  cir- 
ca mihinces. 

I.  On  the  quantity  of  light  proceeding  from 

the  objetft  to  the  eye;  and  this  is  in  a  great  mca- 

furc  regulated  by  the  diflance,  for  the  intenfity  of 
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light  dimtniOies  in  an  inverfe  ratio  to  the  fqua^c 
of  the  diftances. 

1.  It  depends  on  the  colour  of  the  obje<9: 
itfelf,  and  of  thofe  objects  which  furround  it. 

3.  On  the  manner  in  which  the  light  falls 
upon  the  obicfl:,  and  is  refleded  from  it. 

4.  On  the  aperture  of  the  pupilj  for  the  wider 
this  is,  the  greater  will  be  the  number  of  rays  that 
are  tranfmltted  to  the  retina. 

5.  On  the  tranfparency  and  purity  of  the 
humours  of  the  eye,  and  the  foundncfs  of  the  reft 
of  the  vifive  parts. 

6.  On  the  tranfparency  of  the  atmofpherc. 
When  all  thcfe  circumftances  concur>  an  ob- 

jedl  will  appear  bright  and  clear;  but  lefs  fo,  ii» 
proportion  as  any  of  them  arc  wanting.  In  order, 
however,  to  obtain  diftinifl  vifion,  it  is  requifite,. 
not  only  that  the  objed  be  fufficiently  illuminated, 
but  alfo  that  the  fevcral  pencils,  ort  their  arrival 
at  the  retina,  fliould  be  feparate,  and  not  mixed 
together;  and  when  this  is  not  the  cafe,  the  out- 
lines of  the  objcd:  and  it's  parts  will  appear  faint, 
hazy,  and  ill-defined.  We  may,  therefore,  con- 
fider  the  foUovjiag  conditions  as  necejfary  towards 
obtaining  difiinSi  vifion. 

1,  The  objedls  fhould  be  fufEciently  illumi- 
nated: now  all  other  circjmftanccs  being  the  fame, 
the  nearer  an  objeifl  is,  and  the  brighter  it's 
colour,  the  more  light  the  eye  receives  from  it  j 
this  is  one  rcafon  why  near  objeds  are  more  dif- 
tindly  feen  than  thofe  that  are  more  remote. 

2.  The  geometrical  image  of  objeds  fliouM 
fall  cither  upon  the  retina,  or  very  near  it,  and 
thefe  images  fliould  be  fufficiently  large,  otherwife 
the  parts  of  the  object  cannot  be  dillindly  per- 
ceived :  the  want  of  fize  iii  this  iniage  is  alfo  a 
caufc  of  the  indiftindtnefs  of  remote  objects. 

3-  It 
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3.  It  is  alfo  rcquifitc  that  the  eye  be  in  perfect 
Order,  and  it's  humours  cranfparent,  in  order  that 
tiie  impreflions  of  light  ixiay  be  lively  and  di(lin£t. 

in  a  given  eye,  and  a  given  difpofition  of  that 
eye,  an  image  upon  the  retina  will  be  moft  perfeiS 
when  the  objetit  i»  at  fome  detenninate  diftance 
from  the  eye ;  and  it  is  near  this  point  or  place,  that 
objcias,  if  they  are  not  too  fmali,  will  be  di.ftJn<SIy 
feen.  An  objed  at  a  greater  or  lefs  diftance,  will 
have  it's  image  either  before  or  behind  the  retina; 
and  in  either  cafe,  if  the  diftance  of  the  image  from 
the  retina  be  confiderable,  the  vifion  will  be  in- 
diftin^l. 

Dt.  Jurin  has,  however,  (hewn  that  it  is  not 
neceflary  to  diftind^  vifion,  that  the  images  of  ob- 
jcifts,  or  the  points  of  union  of  the  rays,  be  preclfely  ' 
upon  the  retina,  there  being  fome  latitude  both  be- 
fore and  behind  the  retina,  within  which,  what- 
ever images  be  formed,  the  vifion  will  be  equally 
diftjnft;  and  this  latitude  will  be  greater  or  lefs, 
according  as  the  vifual  angles  fubtended  by  the  re- 
fpdftive  objects,  are  greater  or  left. 

Let  a  printed  page,  in  which  there  are  letters 
of  three  or  four  different  iizes,  be  placed  at  fuch 
a  diftance,  that  every  fort  of  print  may,  without 
any  ftraining  cr  effort  of  the  eye,  be  perfeftly  dif- 
tinfti  in  this  cafe  it  maybe  reafonably  prcfumed,  ' 
that  the  images  of  the  fcveral  letters  fall  upon  the 
retina.  If  the  printed  leaf  be  brought  gradually 
nearer  and  nearer,  the  fmalleft  print  will  firft  begin 
to  be  confufed,  whilft  the  larger  remains  as  diftindt 
as  before:  by  advancing  it  ftill  nearer,  the  fmaller 
print  will  become  more  confufed,  the  next  fize 
above  it  a.  little  confufed,  whilft  the  large  print  is 
ftill  as  l^tble  as  before ;  and  fo  through  ieveral  de- 
grfces,  till  the  whole  is  in  confufion. 

The  fame  experiment  may  be  made  the  con- 
trary way,  by,  ufing  a  pair  of  fpedlacles,  of  a  proper 
X  a  ^       convexity. 
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convexity.  From  hence  it  is  erident,  that  we  may 
have  diftinifl  vifion,  when  the  focufes  of  the  pencils 
ue  at  fome  diAance,  either  before  or  behind  the 
retina,  and  that  the  hirgct  the  objeft,  the  greater 
it  this  latitude. 

But  as  in  this  tafe  the  pencils  from  every  point 
either  meet  before  they  reach  the  retina,  or  tend 
to  meet  beyond  it,  the  light  that  comes  from  them. 
ftiuft  cover  a  circular  fpot  upon  it,  and  will,  there- 
foic,  paint  the  image  larger  than  perfed  vifion 
would  reprefent  it :  and  confequcnily,  every  objedt^ 
^aced  either  too  near  or  too  remote  for  perfeft 
vifion,  will  appear  larger  rhari  it  is,  by  a  penumbra, 
of  light,  caufed  by  the  circular "fpaccs,  which  arc 
illuminated  by  pencils  of  rays  proceeding  from  the 
extremities  of  the  objcifts.  Thefe  circular  fpacea 
are  called  circles  of  diilipation.  This  accounts  for 
ftiort-fighted  perfons  finding  near  objedts  appear 
father  magnified,  when  they  ufc  a  concave  that  is. 
not  fo  deep  as  that  to  which  they  are  accuftomed. 

On  account  of  thcfe  penumbrse,  it  is  clear  that 
two  &Ats  will  appear  to  be  nearer  than  they  really 
are  -,  and  if  they  be  really  very  near,  will  appear  to 
be  but  one,  but  brighter  than  either  of  them  taken 
alone :  fo  that  the  two  flars  will  have  the  fame  ap- 
pearance as  if  one  brighter  ftar  appeared  in  the 
middle  of  the  fpace  occupied  by  two  ftars. 

When  objedits  are  large,  they  will  appear  to- 
ter-ably  di^indt  at  a  much  lefs  diiiancc  than  fmall 
objedtsi  becaufe  the  penumbrse  will  not  interfere  fo 
niuch.  For  this  realon,  a  large  print  may  be  read 
much  nearer  the  eye  than  a  fmall  one ;  the  former 
will  appear  only  ill-defined,  but  fufficientlydiftind, 
when  the  latter  is  quite  indiflind);,  the  penumbra 
of  one  letter  interfering  with  that  of  another. 

It  is  very  diKicult  to  afcertain  precifely  the 

natural  diflancc  ot  diflin^  vifion,  or  that  diflance 
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lit  which  the  eye,  without  any  ftrain  dt  effort,  is 
fuitcd  to  fee  objcfls  diftindly.  If  we  fuppofe  this 
diltance  to  be  that  (it  which  we  ufually  read  a  large 
fair  print,  this  will  be  about  fifteen  or  iixtcen 
inches,  and  lefs  it  cannot  be,  as  we  are  rather 
more  concerned  with  large  objctfts  than  the  lettere 
lof  a  book;  and  when  we  view  objects  nearer,  it  is 
on  Recount  of  their  ininutcncfs  :  nor  is  it  probable 
that  the  diftancc  can  be  many  feet,  as,  in  order  to 
examine  objeQs,  we  are  always  defirous  to  havt 
ihem  near  the  eye,  except,  they  arc  very  largp.  The 
Jieareft  diftance  of  diftjnct  vifion  is  in  general  com- 
puted to  be  about  feven  or  eight  inches  from  the 
eye.  That  point  in  any  objeSf,  to  -which  the  optic  axi^ 
is  direited,  isjeen  more  diJIinJily  than  the  reft.  The 
truth  of  this  pofition  is  confirmed  by  every  one's 
experience :  if  we  turn  our  eyes  dire<5tly  toward  one 
particular  part  of  an  objcifl  fo  as  to  look  lleadily  at 
it,  we  may  indeed,  if  the  objecl  be  not  very  Urge, 
fee  all  the  reft  of  if  at  the  fame  time ;  but  this  part 
will  appear  more  diftind  than  the  reft;  but  look- 
'ing  ftfadily  at  an  objetSt  is  turning  our  optic  axis 
towards  jt. 

0j  THE  Chance  in  the  Cokformatidn  pr  the 

EV*  FOR  DISTINCT  VlSIpN,   AT  PIFPtREMT    I>18- 
XANCIS. 

As  a  Ihip  requires  a  different  trim  foe  -every 
variation  of  the  diredion  and  the  ftrength  of  the 
wind,  fo,_  if  we  may  be  allowed  to  borrow  that 
word,  the  eyes  require  a  different  trim  for  every 
degree  of  light,  and  for  every  variation  in  the  dif- 
tance of  the  objctl,  while  it  is  within  certain  limits. 
The  eyes  arc  trimmed  for  a  particular  objcft,  by 
contracting  certain  mufcles,  and  relaxing  others; 
as  the  {hip  is  trimmed  for  a  particular  wind,  by 
drawing  fojiic  ropes,  and  flackenii)^  others.  The 
X  3    _  iailof 
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failor  learns  this  trim  of  his  {hip»  as  we  learn  the 
trim  of  our  eyes,  by  experience.* 

A  (hip,  although  it  be  the  nobleft  machine 
that  human  art  can  boaH,  is  far  inferior  to  the  eye ; 
for  it  requires  art  and  ingenuity  to  navigate  her, 
and  the  failor  muft  know  what  ropes  to  pull>  and 
■which  to  flacken,  to  accommodate  her  to  a  parti- 
cular wind.  But  the  eye  is  fabricated  with  fuch 
fuperior  wifdom,  and  the  principles  of  it's  motion 
fo  contrived,  that  it  requires  no  art  nor  ingenuity 
to  fee  by  it :  wc  have  not  to  learn  what  mufcles  wc 
are  to  contraift,  nor  which  we  are  to  relax,  in  order 
to  fit  the  eye  to  a  particular  diftance  ot  the  objet^. 

But  although  we  are  not  confcious  of  the  mo- 
tions wc  perform,  in  order  to  fit  the  eyes  to  the 
diftance  of  the  objed,  we  arc  confcious  of  the  "effort 
employed  in  producing  thefe  motions,  and  pro- 
bably have  lome,  fenfation  which  accompanies 
them,  and  to  which  we  give  as  little  attention  as 
to  many  other  fenfations;  and  thus  a  fenfation, 
either  previous  or  confequent  upon  that  effort, 
comes  to  be  conjoined  with  the  diftance  of  the  ob- 
jedt  which  gave  occafion  to  it,  and  by  this  conjunc- 
tion becomes  one  of  the  figns  of  that  diftance. 

That  we  are  capable  of  viewing  objetfts  with 
nearly  equal  diftinctnefs,  though  they  be  placed  at 
confidcrable  diftances  from  each  other,  is  evidenij 
but  the  alteration  which  takes  place  in  the  eye  for 
this  purpofe,  or  the  mechanifin  by  which  this  cffed 
is  produced,  is  not  ealily  afccrtained. 

It  feems  clear  from  the  firft  view  of  the  fub- 
jed,  that  when  feveral  objcdts  are  at  different  dif- 
tances before  us,  they  will  not  appear  equally  dif- 
tinfl  at  the  fame  time.  Left  it  fiiould  be  fufpeded 
that  :he  indiftinctnefs  in  this  cafe  may  be  owing  to 
the  impreflions  not  being  made  upon  the  corref- 
ponding 

_*  Rcid's  Inquiry  ialo  the  Human  Mind, 
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ppnditig  fibrils  of  the  two  retinas,  let  us  make  a 
trial  with  one  eye  alone,  while  the  other  is  ihut,: 
thus  place  two  fmall  objcdts,  9s  two  pins,  one  bc- 
liind  the  other,  and  let  the  one  be  at  a  foot,  and 
the  other  at  about  fix  inches  diftance  from  the  eye. 
Either  of  thefe  objedls,  when  looked  at  attentively, 
will  appear  diftin«;  but  the  other,  at  the  fame  time, 
although  it  be  in  the  axis  of  the  eye,  will  be  con- 
iufcd.  And  from  hence  it  is  very  clear,  that  the 
fame  conformation  of  the  eye  is  not  adapted  for 
diflinft  vilion  at  all  diflanccs,  and  that  the  eye  by 
ibmc  mean^  changes  it's  conformation,  fo  as  it  may 
be  better  fuited  for  vifion  at  different  diftances. 

In  a  fimilar  manner  to  the  foregoing  experi- 
ment, if  the  eye  looks  attentively  upon  the  little 
fcratches  or  particles  of  duft  upon  a  window-glafs, 
the  objeds  without  doors  will  be  intHftinft  j  and. 
when  we  look  at  the  external  objeds,  the  opake 
particles  .upon  the  glafs,  which  before  were  dlftinift, 
will  no\v  be  confufed.  It  alfo  frequently  happens, 
that  when  we  firft  look  at  an  object,  it  will  appear 
very  confufed,  which  confuiion  will  vanifh  by  de- 
crees, and  in  a.  little  time  the  object  will  become 
tjuite  difl:in<5b. 

Jn  like  manner,  if  after  poring  fomc  time  on  a 
book,  we  fuddenly  look  at  objedts  farther  off,  they 
will  at  firft  appear  confufed,  and  become  diftindter 
by  degrees.  A  fimilar  indiftinctncfs  takes  place, 
when  from  looking  at  remote  objeifls,  we  fuddenl/ 
look.at  one  that  is  near.  To  what  can  we  attri. 
buie  thefe  phenomena,  but  to  a  change  in  the  con- 
formation of  the  eye  for  vifion  at  thefe  different 
xliftanccs?  a  change  which  requires  fomc  fmall 
time  for  it's  performance.  It  cannot  be  owij)g.i(» 
the  laft  imprcflion  on  the  eye  not  being  oblitei'ated; 
for  in  that  cafe,  the  fame  co.ifufion  would  be  ob- 
fervablc  upon  Ihifting  the  eye  from  oijc  p9gc  of 
a  t;>ook  to  the  other. 
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Thefe  phenomena  are  ftronger  when  they  hap* 
pen  without  our  thinking  upon  them ;  for  when 
we  make  the  experiment  on  purpofe,  and  the  mind 
is  already  prepared  for  what  is  to  happen^  it  has 
time  in  part  to  fruilrate  our  defign;  the  more  fo, 
as  thefe  changes  are  fomcwhat  painful.. 

Authors  are  much  divided  in  their  opinions  ' 
concerning  the  change  that  is  made  in  the  confor- 
mation ot  the  eye,  to  procure  di{lini5t  vifion  at  dif- 
ferent diftances ;  fome  thinking  it  to  be  a  change 
in  the  length  of  the  eye,  others  that  it  is  a  change 
in  the  figure  or  pofition  of  the  cryHalline  humour, 
others  that  it  is  a  change  in  the  cornea.  The  xa- 
thors  of  each  opinion  have  their  objeiSions  to  all 
the  red,  and  perhaps  the  truth  may  lie  among  thein 
all.  As  the  rays  of  light  fufFer  a  greater  refrac- 
tion at  the  cornea  than  they  do  auerwards,  it  is 
plain  that  a  Icfs  change,  as  to  quantity,  in  the  ra- 
dius of  the  cornea,  will  effetft  the  bufinefs,  than 
would  be  fudicient  in  any  other  part  of  the  eye :  - 
but  at  the  fame  time  it  mull  atfo  be  confefled,  tha^t 
moft  pcrfons  who  have  been  couched  for  cataraQs, 
are  obliged  to  have  glalTes  of  different  convexities, 
in  order  to  have  diftind  vifion  at  different  dif- 
tances ;  from  whence  it  feems  necelTarily  to  follow, 
that  the  cryflallinc  humour  is  concerned  in  chang- 
ing, the  conformation  of  the  eye.  Perhaps  the 
cornea,  and  the  cryftalline,  if  not  fome  other  parts 
of  the  eye  befidcs,  may  contribute  to  produce  this 
cffcd  :  and  in  order  to  obtain  diftinA  vifion  at  a 
nearer  diHance,  at  the  fame  time  the  cornea  is  ren- 
dered more  convex,  the  axis  of  the  eye  may  be  a 
little  lengthened,  the  cryftalline  made  more  con- 
vex and  brought  forwarder,  all  which  changes  con- 
fpire  to  the  fame  end ;  and  the  contrary  for  obtain- 
ing vifion  at  a  greater  diflance. 

It  has  beeii  Ihcwn  by  writers  on  optics,  that  if 

^n  objcd  be  viewed  diltimftly  at  three  different 

diflance^ 


Nature  amd  Properties  of  Light.      3 13 

diftances  from  the  eye,  the  firft  of  which  may  be 
the  Icaft  diftance  at  which  it  can  be  viewed  dif- 
tindlly,  the  fecond  double  the  firft,  and  the  third 
infinite,  the  alterations-in  the  conformation  of  the 
eye,  neceflary  for  viewing  an  objcft  diftiniitly  at  the 
firft  and  fecond  diftances,  whofe  difference  is  but 
fmall,  are  as  great  as  thofe  that  are  necelTary  for 
the  fecond  and  third,  whofe  ditFerence.is  infinite. 

Hence,  if  a  fliort-fighted  perfon  can  read  a 
fmall  print  diftindly,  at  two  different  diftances, 
whereof  the  larger  is  but  double  the  lefter,  as  great 
alterations  are  made  in  his  eyes,  as  in  one  whofe  eye^ 
are  perfect,  and  that  can  fee  diflin<flly  at  all  inter- 
mediate diftances,  between  infinity  and  the  largeft 
of  the  two  former  diftances.  For  the  fame  reafon, 
a  ftiort-flghced  perfon  can  fee  diftin<5tly  at  all  dif- 
tances, with  a  fingle  concave  of  a  proper  figure; 
for  the  caufe  of  fliort-fightednefs  is  not  a  want  of 
power  to  vary  the  conformation  of  the  eye,  but  that 
the  whole  quantity  of  refraiftions*  is  ^always  too 
great  for  the  diftance  of  the  retina  from  the 
cornea. 

Wc  may  hence  alfo  clearly  perceive  why  our 
eyes  are  fo  often  fatigued  in  looking  at  near  ob- 
jcifts  ;  for  in  this  cafe,  the  mufcles  of  the  eyes,  and 
the  ligamentuni  ciliarc,  are  obliged  to  make  a  con- 
siderable effort,  to  give  the  eyes  the  neceffary  con- 
formation; which  effort  beilig  greater  in  proper* 
tion  as  the  objcft  is  nearer,  muft  be  painful  and 
iaborious^whcn  the  obje<5t  is. very  nigh. 

When  the  eye  lias  been  attentively  fixed  oa 
an  objedt  at  fome  determined  diftance,  it  cannot 
immediately  fee  another  objcc!:  diltindtiy  ;  whether 
it  be  at  a  greater  or  leffcr  diftance,  it  appears  coa- 
fufed  and  imperfc(ft,  till  the  eye  has  adapted  itfclf 
to  the  diftance  at  which  the  objeiit  is  placed. 

Or 
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Or  THE  Pupil  of  the  Eye,  and  or  it's  Motions. 

In  fpeaking  of  the  ftnufture  of  the  eye,  we 
have  fliewn  that  the  uvea  has  a  fmall  rounrf  hole 
nearly  in  the  middle,  called  the  pupif,  through 
•which  the  rays  muft  all  pafs  before  they  can  get  to 
the  bottom  6f  the  eye,  and  paint  the  images  of  ob- 
jt6c&  on  the  retina.  The  confidcration  of  the  va- 
rious afFedions  of  this  part  of  the  eye,  will  be 
found  of  great  importance,  both  to  the  vender 
and  purchafcr  of  fpedacles ;  for  upon  the  ftatc 
and  aperture  of  the  pupil,  the  requifite  degree  of 
magnifying  power  very  much  depends. 

I'he  author  of  nature  has  proportioned  the 
magnitude  of  the  pupil,  fo  that  it  may  beft  anfwer 
the  porpofes  of  viuon,  and  the  fcnfibility  of  the  re- 
tina: if  it  were  too  large,  the  retina  would  be  fa- 
tigued, and  hurt  by  the  great  quantity  of  light. 
Hence  it  is  that  thofe  creatures  cannot  bear  the 
light  of  day,  which,  in  order  to  fcarch  for  and  pro- 
cure their  food  at  night,  have  the  pupil  of  their 
eyes  very  large.  Further,  if  this  aperture  had  been 
much  larger  than  it  really  is,  the  eye  would  not 
have  been  a  dark  cell,  and  fo  much  adventitious 
light  would  have  entered,  as  to  render  the  picture 
upon  the  retina  obfcure  and  indiftind;  for  as  in 
-  the  camera  obfcura,  the  piftures  are  moft  lively  and 
perfedl  when  all  the  light  is  excluded,  but  what 
comes  from  the  objedl,  and  ferves  to  form  the  pic- 
ture ;  fo  it  is  with  our  eyes ;  the  picture  on  the  re- 
tina is  mod  perfedl  when  all  the  extraneous  light 
ie  excluded,  and  none  mixes  with  the  picture,  but 
.what  tends  to  it's  formation. 

(>n  the  olher  hand,  if  the  pupil  had  been  very 
fmall,  it  would  not  have  admitted  a  fufficient  quan- 
tity of  light !  the  imprenion  on  the  retina  would 
Have  been  weak,  and  the  pidlurc  iaint  and  obfcure ; 

when 
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■when  the  pupil  is  very  fmall,  convex  glaffcs  are 
neceflary,  in  order  to  increafe  the  quantity  of  light. 

All  animals  have  a  power  of  contracting  and 
dilating  the  pupil  of  their  eyes.  The  natural  flate 
appears  to  be  that  of  dilatation,  and  the  contrac- 
tion a  ftate  of  violence,  produced  by  an  effort  ori- 
ginating in  the  mind.  When  the  light  is  too 
ftfong,  or  the  objefl:  too  bright,  we  contract  the 
pupil,  to  intercept  that  part  of  the  light  which 
■would  injure  the  eye ;  but  when  the  light  is  weak, 
we  dilate  the  pupil,  that  more  light  may  enter  the 
eye.  If  a  perfon  loolc  towards  the  fun,  you  will 
pbferve  the  pupil  become  exceeding  fmall;  but  if 
he  turns  his  eyes  from  the  tight,  and  be  gradually 
brought  into  a  dark  place,  you  will  obierve  the 
pupil  to  dilate,  in  proportion  as  the  light  becomes 
more  faint  and  obfcure. 

There  are  alfo  other  circumftances  which  will 
caufe  the  pupil  to  contraft,  as  when  the  objcd  is 
nearer  the  eye  than  the  limits  of  diftintft  vifion : 
for  in  this  cafe,  the  pencils  of  rays  proceeding  from 
th:  object  are  too  diverging  to  be  united  incorre- 
fponding  points  on  the  retina  1  but  by  comia<5iing 
the  pupU,  many  of  the  rays  are  excluded,  and  the 
picture  is  rendered  more  diftincft.  It  is  for  this 
purpofe,  that  many  Ihort-fighted  perfons  contrad 
a  habit  of  corrugating  their  eyebrows  in  reading,  a  ' 
habit  which  woujd  be  prevented  by  the  ufe  of  con- 
cave fpeOacles. 

Dr.  Jurin  has  Ihcwn,  that  the  contra^Sion  of 
The  pupil  does,  in  general,  depend  more  upon  the 
ftrength  of  the  light,  than  on  the  fcnfation  of  con- 
■  fufion  in  the  objcc>.  Let  any  perfon  lake  a  book 
by  day-light,  and  ftand  near  the  middle  of  a  room, 
with  his  back  to  the  light,  and  then  hold  the  book 
fo  near  that  the  letters  may  appear  indilUnd,  but 
not  fo  much  fo,  but  that  they  may  be  read,  though 
with  difficulty;  on  turning  towards  the  light,  it 

will 
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will  be  read  with  more  cafe.  Again,  holdtng*the 
book  at  the  fame  diftance,  go  into  the  darkeft  pare 
©f  the  room,  and  ftanding  with  your  back  to  the 
light,  you  will  find  the  book  not  at  all  legible ;  but 
©n  coming  to  the  window,  with  your  face  to  the 
light,  you  will  be  able  to  read  with  eafe  and  dif- 
tinAners.  A  perfon  who  has  ufed  fpcAacIcB  for 
fome  years,  will  in  the  fun-ihine  be  able  to  read 
without  them. 

When  we  have  been  for  fome  time  in  a  place 
much  illuminated,  or  if  the  eye  has  been  too  long 
cxpofed  to  a  refplendent  obje{5t,  and  then  views 
objeifls  that  are  lefs  fo,  or  goes  into  a  darker  place, 
tlie  fi^t  will  for  a  little  time  be  impaired,  and  the 
eye  unable  to  perform  it'sproper  funiSions.  The 
fame  will  alfo  happen  from  the  contrary  circum- 
ftances,  if  we  go  from  a  faint  light  into  one  that  is 
much  brighter ;  in  either  cafe  the  pupil  has  not 
time  to  conform  itfelf  to  the  fudden,*  but  necefiary 
change,  for  feeing  diftinftly  imdcr  the  new  cir- 
eumftanccs.  From  hence  we  may  infer,  that  very 
opake  ftiades  round  a  candle,  inftead  of  preferving 
and  protecting  the  eye,  muft  be  necelTarily  preju- 
dicial to  it.  A  moderate  degree  of  opacity  in  the 
(hade,  as  that  of  thick  paper,  may,  by  Icffening  the 
degree  of  light,  be  ufeful  to  eyes  which  are  inflam- 
ed, or  have  a  tendency  to  inflammation. 

There  is  a  kind  of  fympathy,  or  concprd,  in 
the  motion  of  the  pupils  of  both  eyes,  fo  that  whei\ 
one  is  contraiSed,  the  other  contrails  alfo*  when 
one  is  dilated,  the  other  alfo  dilates,  though  neither 
the  dilatation  nor  contra^ion  are  equal.     Many 

grofs 

*  This  is  wflat  Porlerfield  and  fome  others  fay ;  but  from 
olhcr  cxpcrinienis,  the  pupil  is  never  fo  con'rafled  u  in  th« 
cafe  of  going  fuildcnly  from  a  f^int  to  a  bright  light :  the,  con-  ' 
traflion  is  inltanlaneous.  The  tffcQs,  theiclore,  Tpokeo  of  above, 
mull  he  referred  lo  the  diffeicm  dates  of  tlie  fcntibility  of  the 
heiiua. 
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grofs  overfights  have  arifm,  and  fame  dangerous 
miftakes  have  bceh  made,  byoculills,  according  to 
Portcrficld,  from  their  not  attending  to  this  fundi- 
mental  law  concerning  the  pupil. 

From  this  expanding  and  contracting  power 
of  the  eye,  we  may  learn,  why  the  eye  fees  beft 
when  furrounded  with  darkncfa  ;  for  the  pupil,  by 
dilating,  accommodates  itfelf  as  much  as  poinble  to 
the  quantity  of  light,  dilating  confiderably  when 
the  eye  is  in  darknefs,  and,  ceteris  paribus,  objfifb 
are  feen  mod  clearly  when  the  pupil  is  molt  di- 
lated. Befides,  when  the  eye  is  in  the  dark,  the 
pidrure  on  the  retina  is  neither  confufed  nor  dif- 
turbed  by  adventitious  rays :  hence,  thofe  who  are 
in  a  very  bright  light,  when  they  want  to  diftin- 
guifh  accurately  a  diitant  object,  either  deprefs  the 
eyebrows,  or  apply  the  hand  to  the  forehead  :  henca 
alfo,  a  perfon,  by  placing  himfelf  in  the  dark,  and 
employing  a  long  tube,  will  forma  fpecies  of  tele- 
fcope,  producing  a  greater  effetft  than  might  at 
firft  be  conceived  :  it  was  on  this  principle  that  the 
ancients  ufed  a  deep  pit,  in  order  to  fee  the  ftars 
"in  the  day-time.  From  hence  wc  alfo  learn,  why 
a  perfon  from  within  a  chamber  can  perceive  the 
obje<fts  that  are  without,  \thile  thofe  that  are  out 
of  doors  cannot  fee  the  obje^s  that  are  within:  for 
'  -when  we  are  out  of  doors,  the  pupil  is  contradied, 
and  only  a  fmall  portion  of  the  light  that  is  re- 
fieited  from  the  objc(5ts  within  the  chamber,  can 
pafs  to  the  retina ;  while  oa  the  contrary,  thofe 
within  have  tl;e  pupil  more  dilated,  and  the  c^jedts 
that  are  without  are  alfo  more  flrongly  illuminated; 
befides  which,  rheir  view  of  objects  .is  not  fo  much 
obArutfted  by  the  reflei^ion  of  the  window-glafs. 

It  is  furprizing  how  far  the  eye  can  accomn 
tnodate  itfelf  to  daricnefs,  and  make  the  beit  of  a ' 
gloomy  fituation.  -  When  iirll  uken  from  the  light, 
and  bnwght  into  a  dark  roonii  all  things  difappear  c 

or 
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or  if  any  thing  is  feen»  it  is  only  the  remaining  ra-' 
diations  that  ftill  continue  in  thfc  eye ;  but  auer  a 
very  little  time,  the  eye  takes  advantage  of  the 
imalleit  ray,  which  is  confirmed  by  the  following 
curious  account,  related  by  Mr.  Boyte.  In  the 
time  of  Charles  the  firft,  there  was  a  gentlemanj 
who,  fliaring  in  his  worthy  matter's  misfortunes, 
was  forced  abroad ;  at  Madrid,  in  attempting  to 
'do  his  king  a  flghal  fervjce,  he  failed ;  in  confe- 
quence  of  this,  he  was  confined  in  a  dark  and 
difmal  dungeon,  into  which  the  light  never  entered. 
and  into  which  there  was  no  opening  but  by  a  hole 
at  the  top,  down  which  the  keeper  put  his  provi- 
fions,  prefently  clofing  it  again.  The  unfortunate 
loyalift  continued  for  fome  weeks  in  this  dark  dun-  - 
geon,  quite  difconfolatc;  but,  at  lad,  began  to 
think  he  faw  fome  glimmering  of  light :  this  dawn 
of  light  increafed  from  time  to  time,  fo  that  he 
could  not  only  difcover  the  parts  of  his  bed,  and 
fuch  other  large  objects,  but,  at  length,  he  could 
perceive  the  mice  that  frequented  his  dungeon,  to 
eatthecrumbs  that  fell  upon  theground.  Whcnfet 
at  liberty,  he  could  not,  for  fome  days,  venture  to 
Jeave  his  cell,  left  the  brightnefs  of  the  light  ftiould 
blind  him ;  but  was  obliged  to  accultom  his  eyes, 
by  flow  and  gradual  degrees,  to  the  light  of  the 
day. 

Of  Imperfect  Sight. 

There  is  no  branch  t)ffcience,  of  which  it  is 
more  important  that  a  general  knowledge  fliould 
be  diffiifed,  than  that  part  which  treats  of  the  va- 
rious impcrfeftions  of  fight,  and  the  remedies  for 
them.  To  relieve  an  organ  which  is  the  fourcc  of 
the  mttft  refined  pieafurc,  is  ccrtamly  a  defirable 
objeft:  to  enable  thofe  who  are  in  want  of  aflif- 
tance,  to  determine  whether  fpeiSacles  will  be  ad- 
vantageous 
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vantageous  or  detrimental,  and  what  kind  will 
bcft  fuit  their  fight;  and  fo  inftnid  thofe  who 
already  ufeglaffcs,  that  they  may  difcover  whether 
thofe  xhcy  have  chofen  are  adapted  to  the  impcr- 
feftion  of  their  fight,  or  arc  fuch  as  will  increafe 
their  complaint,  and  weaken  their  cycs;  are  fubjc<9a 
worthy  the  confideration  of  every  individual,  and 
conftitute  the  principal  bufincfs  of  the  remainder 
■of  this  LeiSure:  to  this  end  I  (hall,  in  the  firft 
place,  explain  what  I  mean  by  an  imperfeiSion 
of  fight. 

The  fight  is  relatively  impcrfec^l,  when  we 
cannot  fee  an  objcdl  diftinctly  in  a  common  light, 
and  at  all  the  ufual  diflances  at  which  it  is  ob- 
ferved  by  an  eye  in  a  pcrfet9:  ftate. 

Jn  this  fenfe,  both  the  long  and  ftiort-fightcd 
are  faid  to  have  an  imperfetft  light.  The  rfiort- 
fighted  fee  diftant  objeifts  confufcdly,  thofe  that 
are  near  at  hand  diftindtly;  their  fight  is  therefore 
defedive  with  refpeifl:  to  diftant  objects:  on  the 
other  hand,  the  long-fighted  fee  dillant  objeds 
diftinclly,  near  objects  confufedly. 

,A.n  imperfect  fight  is  occafioncd  by  a  confufion 
in  the  image  formed  upon  the  retina  ;  this  happens 
whenever  all  the  rays  that  proceed  from  any  one 
point  of  an  objedl,  are  not  united  again  in  one, 
but  fall  on  different  points  of  the  retina:  or 
whenever  fevcral  pencils  of  light,  from  different 
points  of  an  objed,  terminate  upon  one  point  of 
the  image.  This  fpccies  of  confufion  takes  place 
both  in  long  and  Ihort-fighted  eyes. 

Of  Old  or.  Long-Sighted  Eyes. 

To  detail  thofe  circumftances  which  are,  in 
general,  marks  of  advancing  age,  and  always  of 
partial  infirmity,  mufl;  be  ever  unpleafant,  and 
would  be  equally  unncceflary,  if  it  were  not  the 

mean 
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mean  of  leflbiing  the  inconveniences  attendant  Oil 
thofc  (Hees  of*  life. 

By  the  long-fighted,  remotft'  objetSs  arc  fcen 
diftinttly,  near  ones  confufedly;  and  in  propor- 
tion as  this  defeft  increafes,  the  nearer  objeifls 
become  more  indtllintS:,  till  at  length  it  is  found 
almoft  impofltble  to  read  a  common-iized  print 
without  alfiftanced  An  impcrfcft  and  confuftd 
image  is  formed  upon  the  retina,  becaufe  the  rays 
of  fight  that  come  froin  the  fcvcnil  points  of  ait 
objeiS,  at  an  ordinary  diftance,  are  not  fuffici-' 
cntly  refra^ed,  and  therefore  do  not  meet  upon 
the  retina^  but  beyond  it. 

Various  are  the  caufes  which  may  occafton 
this  defeit ;  if  the  convMity  of  the  cornea  be 
Icffened,  or  if  either  fide  of  the  cr^ftalline  becomes 
flatter,  this  cffe£l  will  be  produced)  if  the  retina 
be  not  fufficiently  removed  from  the  cornea  or 
cryftalline,  or  if  the  retina  be  too  near  the  cornea 
or  crj'ftalline,  it  will  give  rife  to  the  fame  defed, 
as  will  alfo  a  lefs  refraiflive  power  in  the  pellucid 
parts  of  the  eye ;  in  like  ■  manner,  too  great  a 
proximity  of  the  objeiils,  will  prevent  the  rays 
from  uniting  till  they  are  beyond  the  retina ; 
but  if  all  thefe  caufes  concur  together,  the  cffcc't 
is  greater.  This  dcfciit  is,  however,  in  general, 
attributed  to  a  flirinking  of  the  humours  of  the 
eye,  which  caufes  the  cornea  and  cryftalline  to 
lofe  their  original  convexity,  and  to  become  flat- 
ter ;  the  fame  caafe  will  bring  the  retina  too  near 

•  the  cornea.  . 

By  one  or  other  of  thefe  caufes,  thofe  \vno 
were  accuftomed  in  thpir  youth  to  read  a  common 
fize  print,  at  about  twelve  or  fourteen  inches  dif- 
tance  from  their  eyes,  are  obliged  to  remove  the 
book  to  two  or  three  feet  before  they  can  fee  the 
letters  diftinAIy,  and  read  with  comfort.     But  in 

f^n^rtion  as  the  objcft  is  removed  from  the  eye, 

the 
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the  image  thereof  on  the  retina  becoines  fmaUer' 
and  confequently  fmall  objeds  will  not  always  be 
perceivable  at  that  diftance,  to  which  thofe  in 
this  ftate  iind  it  necdllary  to  remove  them,  in 
order  w  attain  any  degree  of  diftiriA  vifion:  the" 
further  alfd  thepbjcifl  is  I'emovcd,  the  Icfs  light 
will  enter  the  eye,  and  the  image  will,  of  courfe,  ' 
be  fainter. 

Hence,  thofe  who  are  long-fighted  require 
more  light  tO  enable  them  to  read,  thart  they  did 
while  their  eyes  were  in  their  perfedl  ftate  ;  and 
this  not  only  bccaufe  they  arc  obliged  to  remove 
the  book  to  a  greater  diftantc,  but  becaufe  the 
pupil  of  their  eye  is  fmaller,  and  therefore  a 
greater  intenfity  of  light  is  neceflary  to  produce  a 
lufficicnt  jmpreflion  on  the  retina,  and  compenfatc 
for  the  defe«  by  a  greater  fplendor  and  illumina- 
tion of  the  object. 

Increafing  years  have  a  natural  tendency  to 
bring  on  this  defeat;,  and  earlier  among  thofe  who 
have  made  the  leaft  ufc  of  their  eyes  in  their 
youth ;  but  whatever  care  be  taken  of  the  fight, 
the  decays  of  nature  cannot  be  prevented :  the 
humours  of  the  eye  will  gradually  wafte  and  decay, 
the  refraAive  coats  will  become  flatter,  and  the 
other  parts  of  the  eye  more  rigid  and  lefs  pliable; 
thus  the  latitude  of  diftinit  vifion  will  become 
contra<5ted :  it  is  alfo  highly  probable,  that  the 
retina  and  optic  nerve  lofe  a  portion  of  their  fen- 
fibility. 

Though  it  is  in  the  general  courfe  of  nature, 
that  this  defeftihould  augment  with  age,  yet 
there  are  not  wanting  inftances  of  thofc  who  have 
recQvered  their  fight  at  an  advanced  period,  and 
have  been  able  to  lay  afide  their  glafles,  and  read 
and  write  with  pleafure,  without  any  artificial 
afljflante.  Among  many  caufes  which  may  pro- 
duce this  etfcQ:,  the  moft  probable  is,  that  it  ge- 
VoL.  II.  ■  Y  neraily 
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^erally  arifcs  from  a  decay  of  the  fat  in  the  bot- 
tom of  the  orbit ;  the  preflbre  in  this  part  ccafin^ 
the  eye  expands  into  fomewhat  of  an  oval  form, 
and  the  retina  is  removed  to  a  due  focal  diftance 
from  the  cryftalline. 

It  is  X  certain  and  very  important  fa<^>  th^t 
long-fightednefs  may  be  ac^^uired;  for  country- 
men, lailorSf  and  thofe  that  are  habituated  to 
look  at  remote  objects^  are  generally  long-fighted» 
want  fpciftacles  fooncft,  and  nfe  rhe  deepcft  mag- 
nifiers :  on  the  other  hand,  the  far  greater  part 
of  the  Ihort-fighted  are  lo  be  (band  among  ftu- 
dents,  and -thofe  artifts  who  are  daily  converfant 
with  finatt  and  near  objeiffs;  every  man  becom- 
ing expert  in  that  kind  of  vifion,  which  is  moft 
ufeful  to  him  in  his  particular  profcfTion  and  man- 
nej  of  life  :  thus  the  miniature  painter,  and  en- 
graver, fee  very  near  objctfts  better  than  a  failor^ 
but  the  faitor  perceives  diftant  obje<fU  bet;ter  than: 
they  do ;  the  eye  in  both  cafes  .endeavouring  to 
preferve  that  configuration  to  which,  it  is  moft  ac- 
cuftomed.  In  the  eyes,  as  well  as  other  parts  of 
the  body,  the  mufcles,  by  confta,nt  excrcife;  are 
enabled  to  a<Jt  with  more  eafe  and  power,  but  arc 
enfeebled  by  difufe  ;  the  clailic  parts  alfo,  if  they 
are  kept  too  long  ftretched,  tofe  part  of  their  elaf- 
ticity  ;  while  on  the  other  hand,  if  they  be  fcldonii 
excL'cifcd,  they  grow  ftiff",  and  are-  not  eafily  dif- 
rcnded.  From  the  confideration  of  thcfe  fafts,. 
\\e  may  learn,  in  a  gicat  meafure,  how  to  pre- 
ferve out  eyes  ;  by  habituating  them  occafi^ally 
CO  near  as  well  as  diftant  objeds,.  we  may  maintain, 
them  longer  in  their  pcrfccl  ftatc,  and  be  able  to 
poflponc  the  ufe  of  Ipeiflacles  for  many  years ;. 
but  we  may  alfo  infer  from  the  fame  prcmifes,. 
that  there  is  great  danger,  when  the  eyes  aF,e  be- 
come long-fighted,  of  deferring  too  long  the  ufc 
of  fpcfta,cles,  or  itfing  thofe  that  magnify  tooi 

Xfuiihg 


Nature  and  Properties  of  Light,  .323 

much,^  as  we  rtiay  by  either  method  fo  flatten  the 
eye,  as'-taJofc  entirely  the  benefits  of  naked  vi- 
fion.  It  may  not  be  improper  in  this  place  to 
remark,  that  the  long-fighted  eye  is  much  more 
liable  to  be  injured  by  too  gr(;at  a  degree  of  light, 
than  thofc  that  arc  ihort-fighted. 

Obj^fls  that  appear  conFufed  to  the  long- 
fighted,  will  be  rendered  more  diftindl,  if  they 
view  them  through  a  fmall  hole,  fiich  as  that 
made  by  a  pin  in  a  card,  becaufe  it  excludes  thofc 
divei^ing  rays  which  are  the  principal  fource  of 
Confufion  ;  but  as  it,  at  the  fame  time,  intercepts 
A-  confiderable  portion  of  the  light,  it  i'S  by  no 
means  an  adequate  remedy.  The  beft  relief  they 
can  obtain  is  from  convex  glafles,  for  by  thcfe 
the  rays  of  light  that  proceed  from  the  ot^eft, 
are  fb  refratSted,  as  to  fall  upon  the  retina,  in 
rhe  fame  manner  as  if  they  iuijcd  from  a  diflant 
point.  SpeiSacles  affofd  two  advantages,  foi*  they 
not  only  render  the  pidure  of  objefts  diftimit 
upon  the  retina,  but  they  alfo  make  it  ftrong  and' 
lively. 

Of  Spectacles. 

Spedacles  rcftorc  and  preferve  to  us  one  of 
the  moft  noble  and  valuable  of  our  fenfes ;  they' 
ffiiable  the  mechanic  to  continue  his  labour,  and 
€arn  a  fubfiftence  by  the  work  of  his  hand,  till 
the  extreme  of  old  age.  By  their  aid  the  fchoiar 
puriiibs  his  ftudies,  and  recreates  his  mir.d  with  in- 
ttlledlual  pleafures,  and  thus  paffes  away  days  and' 
years  with  delight  and  fatisfadion,  that  might 
otherwife  have  been  devoured  by  melancholy,  or 
wafted  by  idlenefs. 

As  Jpedacles  arc  dcfigned  to  remedy  the  de- 
fers of  fight,  it  is  natural  to  wilh,  that  the  ma- 
terials of  whiclt  chey-arc  formed  flxoujd  be  9s 
Y  2  perfect 
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perfeifl  as  the  eye  itfcif;  buc  vain  is  the  wil^ 
for  the  materials  we  ufe,  like  every  thing  human» 
are  imperfect,  and  yet  we  may  deem  ourfelvcs- 
happy,  to  have  in  glafs  a  fubftitute  fo  analagou* 
lo  the  humours  of  the  eye,  a  (ubflance  which 
gives  new  eyes  to  decrepid  age,  and  enlarges  the 
views  of  philofophy.  The  two  priBcipal  dcfedlj 
are,  fmall  threads  or  veins  in  the  glafs,  and  mi- 
nute fpecks.  The  threads  are  moft  prejudicial' 
to  the  purpofcs  of  vifion,  becaufe  they  refrad  the 
rays  of  light  irregularly,  and  thus  diftort  the 
objeifl,  and  fatigue  the  eye;  whereas  the  fpecks 
only  lelTen  the  quantity  of  light*  and  that  in  » 
very  fmall  degree. 

Generaj.  Ruj.es  for  the  Choice  of  Spectacles, 

The  moft  general,  and  perhaps  the  beft  rule 
that  can  be  given,  to  thofe  who  are  in  want  of 
aHiltance  from  glalTes,  in  order  fo  to  choofe  their 
fpcdacles,  that  they  may  fuJt  the  ftate  of  their 
eyes,  is  to  prefer  thofe  which  Ihcw  objeifla  ncareft 
their  natural  ftate,  neither  enlarged  nor  dimi- 
niflied,  the  glafTcs  being  near  the  eye,  and  thaC 
give  a  blackncfs  and  diftinfftnefs  to  the  letters- 
of  a  book,  neither  Araining  the  eye.  nol:  caufing, 
any  unnatural  exertion  of  the  pupil. 

For  no  fpedaclcs  can  be  laid  to  be  properly 
accommodated  to  the  eyes,  which  do  not  procure 
them  eafe  and  reft;  if  they  fatigue  the  eyes,  wc 
may  fafely  conclude,  cither  that  we  have  n*  oc- 
canon  for  thcni,  or  that  thqy  arc  ill  made,  or  noL 
proportioned  to  our  fight. 

Though,  in  the  choice  of  fpetftaclcs,  every 
one  muft  finally  determine  for  himfelf,  which  are 
the  glafles  through  which  he  obtains  the  moft 
diftiniSt  vifion  ;  yet  fonie  confidence  fiiould  be 
placed  in  the  judgment  o^  the  artiflj  of  whom. 
^  they- 
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^cy  are  purchafed>  and  feme  attention  paid  to" 
his  diredtions. 

Qj  Preservers,  a-^h  Runs  roR  the  Preserva- 
TJON  OF  THE  Sight, 

Thougli  it  may  be  impoffible  to  prevent  the 
;^folute  decay  of  fight,  whether  arifing  from  age, 
pa/tial  difeafe,  or  illaefs,  yet  by  prudence  and 
good  managenveht,  jfs  natural  failure  may  cer- 
tainly be  retarded,  and  the  general  habit  of  the,,  , 
eyes  ftrengthcned,  which  good  puipofes  will  be 
promoted  by  a  proper  attention  to  the  following 
rnaxims. 

I.  Never  to  fit  for  any  length  of  time  in  ab- 
fc^ute  gloom,  or  expofed  to  a  blaze  of  light.  The 
reafons  on  which  this  rule  is  founded,  prove  the 
impropriety  of  going  baftily  from  one  extreme 
to  the  other,  whether  of  darknefs  or  of  light, 
«id  (hew  us,  that  a  fouthcm  afpetfl  is  improper 
for  thofe  whofe  fight  is  weak  and  tender. 

a.  To  avoid  reading  a  fmall  print. 

3.  Not  to  read  in  the  dufk ;  nor,  if  the  eyes 
be  difordercd,  by  candle-light,  Happy  thofe  who 
learn  this  leflbn  betimes,  and  begin  to  prefcrve 
their  fight,  before  they  are  reminded,  by  pain, 
of  the  ncceffity  of  fparing  them;  the  frivolous 
attention  to  z  quarter  of  an  hour  of  the  evening, 
has  coft  numbers  the  perfed  and  comfortable 
life  of  their  eyes  for  many  years :  the  mifchief  ' 
is  effe(flcd  imperceptibly,  the  confequences  arc 
inevitable. 

4.  The  eye  fhould  not  be  permitted  to  dweU 
on  glaring   objctfts,    piore    particularly    on    firft 

'waking  in  a  morning;  the  fun  fliould  not  of 
eourfe  be  fufFcred  to  thine  in  the  room  at  that 
-fime,  and  a  moderate  quantity  of  light  only  be 
;idmittcd.  It  is  eafy  to  fee,  that  for  the  fame 
y  3  rcaibiis. 
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rearoDSt  the  furniiurc  of  a  bed  ihould  be  neither 
altogether  of  a  white  or  red  colour ;  -indeed,  thofe 
whofe  eyes  arc  weak,  would  find  confiderable 
advantage  in. having  green  for  the  furniture  of 
their  bed-chamber.  Nature  confirms  the  pro- 
prifty  of  the  advice  given  in  this'-rule :  for  the 
light  of  the  day  comes  on  by  flow  degrees,  and 
green  is  the  univerfal  colour  flic  prefents  to  our 
eyes. 

5.  The  long-fighted  ftiould  accuftom  them- 
fclves  to  read  with  rather  Icfs  light,  and  fome- 
what  nearer  to  the  eye  than  what  they  naturally 
like;  while  thofe  that  are  Ihort-lighted,  fliould 
rather  ufe  themfelves  to  read  with  the  book  as 
far  oiF  as  poflible.  By  this  means,  both  would 
improve  and  ftrcngthen  their  fight ;  while  a  con- 
trary courfe  will  increafe  it's  natural  impeifec-^ 
tions. 

There  is  nothing  which  prcferves  the  fight 
longer,  th^n  always  ufing,  botti  in  reading  anH 
writing,  that  moderate  degree  of  light  which  is 
bcft  fuited  to  the  eye  ;  too  little  ftrains  them,  too 
great  a  quantity  dazzles  and  confounds  them.  The 
eyes  are  Icfs  hurt  by  the  want  of*  light,  than  by 
>  the  excels  of  it ;  too  little  light  never  does  zny 
harm,  unlefs  they  are  ftrained  by  efforts  to  fee 
obje<3s,  to  which  the  degree  of  light  is  inade- 
quate ;  but  too  great  a  quantity  has,  by  it's  own 
power,  deftroyed  the  fight.  Tl^us  many  have 
brought  on  themfelves  a  cataiatS,  by  frequently 
looking  at  the  fun,  or  a  fire ;  others  have  loft 
their  light,  by  being  brought  too  fuddenly  froiri^ 
an  extreme  of  darknefs  into  the  blaze  of  day. 
How  dangerous  the  looking  upon  bright  lured-. 
nous  objcfls  is  to,  the  fight,  is  evident  from  it*a 
(.-Hciits  in  thofe  countries  which  are  covered  the 
greater  part  of  the  year  with  fnow,  where  blind- 
ntfs  i*  exceeding  frequent,  and  where  the  traveller 
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is  obliged  to  cover  his  eyes  with,  crape,  to  prevent 
the  dangerouSj  and  often  fiidden  efTei^  of  coo 
tnuch  light :  even  the  untutored  favage  tries  to 
avoid  the  danger,  by  framing  a  little  wooden  cafe 
for  his  eyes,  with  onily  two  nanow  flics.  A  mo- 
mentary gaze  at  the  fun,  will,  for  a  ritne,  unfit  the 
«yes  for  vifioa,  and  render  them  infeofible  to  im- 
preflions  of  a  milder  nature. 

The  following  cafes  from  a  fmall  trad  on  the 
*'  Tahric  of  the  Eye, '^  are  {o  applicable  to  the  prefent 
■article,  as  to  want  no  apology  for  their  infertion 
here ;  though  if  any  were  neceffary,  the  ufe  they 
■will  probably  be  of  to  ihofe  whofe  complaints  arife 
from  the  fameor  fiiralar  caufes,  would,  I  prefume, 
be  more  than  fiirficient. 

•"  A  lady  ftom  the  countiy,  coming  to  rciidc 
in  St.  James'a-fquare,  was  affliiftcd  with  a  pain  in 
the  eye,'  and  a  decay  of  fight.  She  coald  not  look 
-upon  the  ftones,  when  the  fun  fhone  upon  them, 
\i-ithout  great  pain-  This,  which  ffic  thought  was 
■ohe  of  the  fymptoms  of  her  difordcr,  was  the  real 
caufe  of  it.  Her  eyes,  which  had  been  accuftomcd 
to  the  verdure  of  the  country,  and  the  green  of  the 
Jafture  grounds  before  her  houfc,  could  not  bear 
the  violent  and  unnatural  glare  of  light  refleded 
■from  th6  (Tones';  lh£  was  advifed  to  place  a  num- 
ber of  frti'ali  draiige  ^fees  in  the  windows,  fo  that 
their  tops  might  hidfi  the  pavement,  and  be  in  a 
Jine  With  the  grafs.  She  recovered  by  this  limple 
change  in  .the  light,  without  the  afliftance  of  any 
medicine ;  thougb  bcr  eyes  were  before  on  the 
verge  of  little  lefs  than  Wiudncfs." 

"  A  gentleman  of  the  Jaw  had  his  lodgings  ia 
Pall-mall,  on  the  nortb-fidc,  his  front  window* 
were  expofed  to  the  full  noon  fun,  white  the  bacfe 
rooni,  having  no  opening,  but  into  a  fmall  clofe 
yard,  furrounded  nith  high  walls,  was  very  dark; 
Y  4  he 
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he  wrote  in  the  back  room,  and  ufed  to  come  from 
ihat  into  the  front  to  brcakfai\,  &c.  his  fight  grew 
weak,  and  he  had  a  conftant  pain  in  the  balls  of  his 
cy.cs;  he  tried  vifua!  gUfTcs, and fpoke  with  oculifts, 
equally  in  vain.  Being  foon  convinced,  that  the 
coming  futldtnly  out  of  his  dulky  ftudy,  into  th? 
full  blaze  of  fun-fhine,  and  that  very  often  in  the 
day,  had  been  the  real  caufe  of  his  diforder;  he 
took  npw  Jodgings,  by  which,  and  forbearing  to 
write  by  camllc-light,  he  was  very  fooD  cured." 

Biindncfii,  or  at  lead  mifprablc  weakneffes  of 
fight,  are  often  brought  on  by  thefe  unfufpeiSe4 
caufes.  Thofe  who  hqve  weak  eyes,  Ihould  thertT 
fore  be  particul^ly  attentive  to  fiich  circumft^Jicea, 
fince  prevention  is  eafy,  but  the  cure  may  be  di?-? 
cult,  and  fometimes  irnprafticablc. 

Whatfoevcr  care,  however,  be  paken,  aiKj 
though  every  precaution  be  attended  to  with  fcru- 
pulous  cxaiflnpfs;  yet  as  we  advance  in  years,  the 
powers  of  our  frame  gradually  decay ;  an  effcSt  which 
IS  generally  fir(l  perceived  in  the  oi^ns  of  vifion. 

Age  is,  however,  by  no  means  an  abfolute  cri- 
terion, by  which  we  can  decjde  wpon  the  fight,  nor 
will  it  prove  the  ricceflity  of  wearing  fbeftacles, 
For,  on  the  one  hand,  there  are  many  wfiofe  fight 
is  preferved  in  all  it's  vigour,  to  an  advanced  old 
age ;  while,  on  the  other,  it  in^y  be  impaired  iii 
youth  by  a  variety  of  caufes,  or  bp  vitiated  by  in- 
t<  rnal  maladies.  Nor  is  the  defeft  either  the  fame 
in  (iiftcrent  perfons  of  the  fame  age,  or  in  the  fanje 
pcrfon  at  dillercnt  ages ;  in  fomc  the  failure  is  na- 
tural, in  others  it  is  acquired, 

From  whatever  caufes  this  decay  arifes,  an  at- 
tentive confidcration  cf  the  following  rules  will 
cnabl.  every  one  to  judge  for  himfeli,  when  his 
fi^ht  nisy  bp  afijflcd  or  prcfcrvcd  by  the  ufe  of 
flKaadci 

I.  When 
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1.  When  we  are.obliged  to  remove  fmall  ob- 
jefls  to  a  confiderable  diftance  from  the  cJg,  in 
order  to  fee  them  diftinftly. 

2.  If  we  find  it  neceflary  to  get  more  light 
than  formerly ;  as  for  inftancc,  to  place  the  candle 
between  the  eye  and  the  object, 

3.  If  on  looking  at,  and  attentively  confider- 
ing  anearobjed,  it  becomes  confufed,  and  appears 
to  have  a  kind  of  mtft  before  it. 

4.  When  the  letters  of  a  book  run  one  into 
the  other,  and  hence  appear  double  and  treble. 

5.  If  the  eyes  are  fo  fatigued  by  a  little  exer- 
cife,  that  we  are  obliged  to  fiiut  them  from  lime 
to  lime,  and  relieve  them  by  looking  at  different 
fcbjefls. 

When  all  thcfc  circumftances  concur,  or  any 
of  them  feparately  take  place,  it  will  be  necefTary 
to  feek  affiftance  from  glalTes,  which  will  now  eafe 
■  the  eyes,  and  in  fome  degree  check  their  tendency 
to  grow  flatter;  whereas  if  they  be  not  aflifted  in 
time,  the  flatnefs  will  be  confiderably  increafed,  and 
the  eyes  be  weakened  by  the  efforts  they  arc  com- 
pelled to  exert. 

We  are  now  able  to  decide  upon  a  very  im- 
portant qiieftion,  and  fay  how  far  fpertacles  may  b? 
laid  to  be  pre/ervers  of  the  Jight,  It  is  plain  they 
can  only  be  recommended  as  fuch,  to  thofe  whofe 
eyes  are  beginning  to  fail;  and  it  would  be  as  ab- 
furd  to  advife  the  ufe  of  fpedacles  to  thofe  who 
feel  none  of  the  foregoing  Inconveniences,  as  it 
would  be  for  a  man  in  health  to  ufe  crutches  to 
fave  his  legs.  Biit  thofe  who  feel  thofe  in- 
conveniences, ihould  immediately  lake  to  fpec-' 
tacles,  which,  by  enabling  them  to  fee  obje(5b 
nearer,  and  by  facilitating  the  union  of  the  rays  of 
lipht  on  the  retina,  will  fupport  and  prcferve  the 

Or 
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Op  Couched  Eyes. 

With  the  difeafcs  of  the  eye,  thefc  Lcdurts 
have  no  concern ;  ihcy  have  been  already  well  and 
ably  confidered  by  profcftionaljnen ;  and  it  is  fcarcc 
nCcclTary  to  obfcrvc,  that  in  anatomical  knowledge^ 
and  in  the  praiftical  operations  of  furgcry,  Elttgland 
now  claims  a  juft  pre-eminence  over  other  nations. 

Buc.among  [;he  various  difeafes  of  this  organ, 
there  is  one  in  which,  after  the  furgcon  has  quitted 
the  patient,  glalTes  arc  neceflary,  to  give  effe<S  to 
.  the  operation,  and  a  comfortable  fight  of  objeds  to 
the  perfon  relieved.  This  difeale  is  the  catanu5t, 
a  difordcr  afFeding  the  cryftallinc  humour  of  the 
eyci  when  the  opacity  is  confirmed,  this  humour 
becomes  fo  cpake,  as  fcarcely  to  admit  any  rays  of 
lighf,  and  prevents  their  producing  their  ordinary 
effeds,  and  confequcntly  no  image  of  any  obje<5t  ii 
formed,  though  the  retina,  and  other  organs  of 
fight,  are  in  perfcdl  order.  There  i^  no  difordef 
more  deplorable  in  it's  nature  and  confequences  ; 
deftrudive  of  the  fight,  often  beyond  the  reach  of 
remedy :  the  hand  of  the  operator  isthc  only  hope, 
and  his  efforts  are  fomctimcs  unfucccfsful. 

The  caufe  of  this  diforder  is  fcldom  known. 
Sometimes  it  has  been  thought  to  be  brought  on 
by  frequent  infpedion  of  the  fun,  and  fometimes 
by  looking  too  long  and  too  often  at  a  bright  fire. 
In  early  ftages  of  the  difcafe  it  has  been  thought  to 
be  removed  by  medicine.*  Of  the  vai'ious  re- 
medied 

*  Bann  de  WenEcl,  in*  hit  Tratife  on  the  CaUraft,  deniea 
<tMt  any  medicine  hit-  power  (o  tUSipate  the  opake  Rydalline. 
Mr-  Ware,  fn  hi»  tranflaiion  of  this  work,  affenis  to  the  truth  of 
llic  Huron's  obbrva  I  ion,  fo  far  as  is  at  pre  fen  t  known;  but  iddi, 
that  many  cafes  have  occurred,  under  his  own  infpcQion,  whklr 
prove  that  ihe  powers  of  nature  are  often  fuf&cient  for  thi»  pur- 
pofc.  'r!>orcop;:c::i»  in  pellicular,  which  arc  produced  by  exier- 
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medics  that  have  been  ufed  for  this  purpofe,  the 
clc(flric«l  ftream  is  fuppofed  by  many  to  be  the 
beft,  on  account  of  it's  poweriFul  difcutient  pro- 
perties. 

The  afliftance  the  eye  receives  from  the  fur- 
geon  is  cither  by  depreffion  of  the  cryftalline 
below  the  pupil,  or  extrading  the  cataraft.  But 
as  the  denmy  of  the  vitreous  humour,  which  fup- 
plies  the  place  of  the  cryftalline,  is  lefs,  the  rays  of 
light  will  be  lefs  refradted,  and  not  meet  at  the  re- 
tina, but  at  fomc  diftance  behind  it ;  the  iight  will 
therefore  be  imperfed,  except  the  eye  be  aflifted 
vith  a  proper  convex  e\a£a.  There  is  a  circum- 
ftance  attending  couched  eyes,  which  fully  evinces 
that  the  change  made  in  our  eyes,  to  accommodate 
them  to  the  dillances  of  objei^s,  mufl:  be  principally 
attributed  to  the  cryftalline  humour;  namely,  that 
one  focus  is  feldom  fufficient  to  enable  thofe  who 
have  undergone  this  operation,  to  fee  objects  at  dif- 
ferent diftances.  They  generally  require  two  pair  of 
fpeftaclcs,  one  for  near,  the  other  for  more  diftant 
objeds.  The  foci  that  are  ufed  lie  between  6  and 
)  i  inches. 

It 

nal  vioUncB,  he  has  rq^atedly  fcen  diflipated  in  a  {hortfpaceoF 
lime,  when  no  other  parts  of  the  eye  have  been  hurt ;  and  in  fffr- 
Aeral,  in  cafes  of  this  diifcriplion,  the  cryltal|ine  humour  has 
been  dilTolved  ;  which  has  been  demonftraCcd,  by  the  bcnefil  the 
patient  hu  afterwards  derived  from  adopting  the  uie  of  deepljr 
convex  glaCTes.  Mr.  Waic  adds,  that  inllances  are  not  wanCioga,' 
in  which  catarafts,  which  were  formed  without  any' violence, 
hkve  been  luddenly  dtlDpated,  in  confequcnce  of  an  accidentif 
blow  on  the  eye.  For  ibefe  reafons  he  entertains  a  hope,  ihac 
Qieaiu  may  herea/ier  be  dilcovered,  by  which  an  opake  cryftal- 
line may  be  rendered  iranfparent,  without  the  performance  of 
any  operation  whatever.  The  remedies  which  have  appeared 
to  Mr.  Ware  more  efleftual  than  others,  in  there  cafes,  have 
be«n  th«  application  to  the  eye  itfelf  of  one  or  two  drops  oP 
Wiher,  once  or  twice  in  the  courfe  of  ihe  day,  and  the  occasional 
riilAing  of  the  eye  over  the  lid,  wiih  tUc  p-.int  of  ihc  finger,  firft 
moillencd  wiih  a  w<-<k  voU^I'  or  mercurial  liniment.  Sec 
W*rcs'j-jnlla[iono!\\'(nzcr:,Tica'.ir:oniheCd;arja,j<*^"-  .3. 
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It  is  not  advifeable  to  life  glaffirs  too  foon  after 
the  operation;  for  whiie  the  eyes  are  in  a  debili- 
tated ftate,  all  exertions  are  not  only  improper,  but 
aifo  very  prejudiciaj. 

Of  The  Short-sighted. 

In  till*  dcfeiflof  the  <yc«,  the  images  of  objeiftt 
»t  an  ordinary  dift^nce  unite  before  they  arrive  at 
the  retina,  and  confequently  the  images  formed 
thereon  are  confufed  and  indiftinct.  This  etfefi  is 
produced  either  by  (oo  great  a  convexity  in  the 
cornea  and  cryftallinet  or  too  great  a  r^fradive 
power  in  the  humours  of  the  eyc;  or  the  retina 
may  be  placed  too  far;  or  it  may  arife  fropi  a  con- 
currence of  all  thefc  circumftances. 

Thofe  who  are  ftiort-fighted  can  diftinguifli 
fmallcr  objeds,  and  fee  clearly  a  given  fmali  objeft 
with  Icfs  light  than  other  people:  the  rcafon  is  cvi-, 
dent,  for  the  nearer  the  objed  is,  the  more  light 
enters  the  pupil ;  being  alfo  moredenfe,  it's  aAion 
■  is  more  powerful  on  the  retina  j  hence  the  Ihort- 
fightcd  can  read  a  fmall  print  by  moon-lhihe^  or  in 
the  twilight,  when  a  common  eyc  can  fcafce  dif, 
tinguHh  one  letter  from  another. 

■  In  a  ftrong  light  they  can  fee  a  little  farther 
than  they  do  when  il  is  weak;  the  Urenglh  of  the 
light  caufes  the  pupil  of  iheir  eyes  to  contrail,  and 
thus  removes  in  foine  degree  the  indiftindtnefs  of 
theobjcdts.  Upon  the  fame  principle  we  may  ac- 
count for  the  fhort-fjghted  fo  often  partly  (hutting 
their  eyelids,  from  whence  they  were  formerly  de- 
nominated myopes  ,■  by  this  means,  they  confine  the 
bafes  of  the  pencils  of  rays  which  iflue  from  the 
points  of  an  objeft,  and  thus  contrad  the  circle  of 
diflipation,  and  Icffcn  the  indiftinftnefs  of  vifion  : 
hence  they  alfo  fee  objeds  more  diftinctly  through 
2  fmall  hole,  as  that  made  by  a  pin  in  a  card. 

It 
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It  is  a  cemmon  obfcrvation,  that  the  fiiort- 
fighted  do  in  general  prefer  a  fmall  print  to  a  largr 
ene,  and  that  they  ufually  write  a  fmaH  hand  ;  for 
by  the  proximity  the  letters  are  magmftcd,  and, 
being  fmall,  they  take  in  a  greater  number  at  one- 
view  i  they  hold  the  book  they  are  reading  in  ge- 
nerally inclined  to  one  8de,  in  order  to  attain  * 
greater  degree  of  illnmi nation.  As  they  can  only 
fee  diftiniSly  objects  that  are  near,  they  are  obliged, 
by  a  ftrong  effort  of  the  mind,  to  caufe  the  axes  of 
the  eyes  to  converge  j  this  effort  being  painful^ 
forces  them  often  to  turn  away  one  of  their  eyes, 
which  producing  double  vifion,  they  are  obliged  tf>- 
fliut  it.  When  they  hold  a  book  dire<ftly  beforc- 
their  eyesj  the  pifture  will  fall  upon  the  middle  of 
the  retina;  but  if  they  hold  it  obliquely,  it  will  falJ 
Hpon  the  fide  of  the  retina  ;  now  tlic  middk  of  the 
retina  is  further  from  the  fore  part  of  the  eye  than 
the  fide  of  it  is.  Therefore  though  the  pi<!lure 
be  fo  near  to  the  fore  part  of  the  eye  as  to  be 
confufed  if  it  fall  upon  the  middle,  it  may  be 
diftinift  when  it  falls  upon  the  fide. 

As  thofc  who  arc  very  fhort-fighted  do  nof 
perceive  the  motion  of  the  eyes  and  features,  thev 
fcldom  look  altentively  at  thofc  with  whom  they 
ai'e  converling:  it  is  from  this  circumfl:ancc  that 
Pliny  terms  the  prominent-eyed  hebetiores;  nof 
that  this  dcfe<5t  in  fight  impairs  genius,  or  Icffen* 
the  powers  of  the  mind  j  but  as  it  deprives  then> 
of  the  rapid  communications  that  are  made  bv 
the  eye,  it  apparently  Icfi'tns  that  vivacity  of  con- 
ception, which  always  accompanies  a  vigorous 
mind. 

Happily  for  the  fiiort-fighted,  the  principaf 
inconveniences  of  their  fight  may  be  remedied  bv- 
thc  ufc  of  concave  glaflcs ;  by  their  aflinance,* 
Ihofc  whofe  fphere  of  diftin»ft  vifron  fcarce  ex-i 
tended  beyond  thejr  arm,  are  enabled  to  dilUn- 

iSuill; 


334    Lectukss  on  NatvraL  Philosofiit. 

fuiih,  very  Ottisfadtorily,  objeAs  at  a  coniiderable 
iflancc ;  the  concave  lens  produces  diftindl:  vi- 
&ott,  by  caufing  the  rays  to  diverge  ipore,  and 
unite  at  the  retina,  inftead  of  meeting  before  they 
reach  the  bottom  of  the  eye. 

In  Che  choice  of  glalTes  for  the  fhoTt-lighted, 
no  rules'  can  be  laid  down ;  -it  is  a  defeifl  that  ha» 
no  connedion  with  age,  no  ftated  progreflion 
that  can  be  a  foundation  to  guide  the  <^tician,  or 
lead  him  to  recommend  one  glafs  in  preference' Co 
another ;  the  whole  muft  depend  on  the  obferva- 
tion  of  the  fliort-fighted  themfelves,  who,  by 
trying  glaflcs  of  different  degrees  of  concavity, 
will  foon  findViut  that  whofe  effetfta  are  moft  ad-^ 
vantageous,  producing  diAin£t  vifion  at  different 
diftances. 

If  the  ihorc-iighted  perfon  is  fo  far  removed 
from  an  optician,  as  not  to  have  'an  opportunity 
of  trying  a  variety  of  lenfes,  he  may  h€  nearly 
fuited,  by  fending  to  him  the  greateit  diftance  at 
which,  with  his  naked  eye,  he  can  fee  diftindlly; 
he  will,  by  the  following  rule,  be  enabled  to  fuic 
him  with  tolerable  exadnefs. 

Multiply  the  diftance  at  which  the  (hort- 
fighted  perfon  fees  diftinftly  with  his  naked  eye, 
by  the  diftance  ar  which  it  is  required  he  fhould 
.  fee  diftindly  by  a  concave  glafs,  and  divide  the 
produd  by  the  difference  between  the  afofefaid 
diftanccs :  if  the  required  dillance  be  very  remote, 
the  glaffes  muft  be  of  that  radius  at  which  they 
fee  diftindtly  with  their  naked  eyes. 

-The  benefit  the  fliprt-fighted  receive  from 
concave  glaffes,  is  not  fo  great  as  the  long-lighted 
find  by  1  convex  lens }  for  an  objeifl  is  not  only 
'  magnified,  but  the  eye  receives  aifo  a  larger  pen- 
cil of  light  from  each  vifiblc  point,  becaufe  the 
rays  enter  lefs  diverging:  whereas  the  concave 
not   only  diminifties  the  objedl  in  fize,    but  it 
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lefieiu  alfo  the  quantity  of  light,  as  it  renders  the 
rays  more  diverging;  confcquently  the  (hort- 
fightcd  do,  not  fee  remote  objects,  unlefs  they  arc 
very  Urge  and  bright,  fo  well  through  a  concave 
lens  as  theory  promifes :  for  the  chief  in>pedi- 
inent  to  a  diiliiKt  view  of  rcnuHe  objei5ts^  is  their 
want  of  light  and  magaitudCi  buit  both  of  thefe  a 
concave  lens  increafes. 

1%  h  generally  fuppofed,  that  the  {hort-fighced 
become  lefs  fo  ai  they  advance  in  years,  as  the 
natural  fhrinking  and  decay  in  the  humours  of 
the  eye  lefTen  it's  convexity,  andi  thus  a^pt  ic 
better  for  viewing  of  diftant  objetitsj  but  amoi^ 
the  great  number  of  fliort-fighted  that  I  have  ac- 
commodated with  gU0eSj  I  have  ever  found  the  rc- 
vcrfe  of  this  theory  to  be  true,  and  the  eyes  of  the 
myopes  never  required  glafles  lefs  concave,  but 
generally  more  concave  as  they  grew  older,  to 
enable  them  to  fee  at  the  fame  diflance. 

Further^  the  eflfeds  of  habit,  which  arc  in  moft 
cafes  very  powerful,  but  peculiarly  fo  in  the  af- 
fetflions  of  the  eye,  have  a  natural  tendency  to  in- 
treafe  the  dcfe^  of  the  myopes ;  for  by  frequently 
ioolcing  clofe  to  olnetfts^-ia  order  to  fee  them 
diftindtly,  they  would  make  themfelves  near-light- 
ed, though  their  eyes  were  naturally  therevrrfe: 
hence  we  find,  that  watch-makers,  engravers, 
and  ftudious  perfons,  often  bring  on  this  defedt. 
By  reading  or  working  at  as  great  a  dilhincC'  as 
pofiible,  and  often  looking  at  remote  objetts,  the 
degree  of  fhort.-lightednefs  may  be  much  lefiened. 
As  children  in  general  read  much  nearer  than 
grown  perfons,  if  they  are  fuffered  to  indulge  this 
propenitty,  they  become  naturally  fhost-lighted. 

I  have  found  it  necefTary,  in  fome  inftances, 
to  give  convex  glafles  to  the  ftiort-fighted,  vhen 
very  far  advanced  in  age,  not  bccaufe  their  eyes 
were  grown  lefs  convex,  but  to  give  them  more 
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light,  and  counteraift  an  cxcreme  contraiflion  of  the 
pupil. 

Great  as  arc  the  difadvantages  of  the  fhort- 
fighted,  they  are  lefs,  perhaps,  with  refpcdt  to  dif- 
tant  objedts,  than  is  generally  imagined  ;  they  fee 
the  brighter  ftars  and  planet's,  nearly  ,as  well  as 
other  people.  They  are  prevented  indeed  from 
diftinguifliing  beyond  a  certain  fmall  diftance,  the 
'  fmall  parts  of  an  objei5l  which  are  very  viiible  to 
another  j  thus  they  cannot  diftinguifh  the  features 
of  a  face  acrofs  a  room,  and  as  objefts  are  generally 
difcriminatcd  by  their  minuter  parts,  their  difad- 
vantage  in  viewing  obieds  at  a  moderate  diftance 
is  very  evident.  But  though  fuch  a  perfon  cannot 
djfcern  the  minutiae  of  objeds,  unlefs  they  are  very 
lame  and  verj-  near  him  j  yet  he  can  perceive  any 
objedl  in  the  grofs,  at  a  confidcrable  diftance,  if  it 
be  not  too  fmall :  thus  he  may  perceive  a  man  at 
the  diftance  of  feverat  paces,  but  muft  advance 
within  one  or  two,  before  he  can  determine  who 
he  is,  or  call  him  by  his  name  j  he  will  fee  a  large 
tree  moch  further,  and  from  experience  in  fuch 
cafes,  will  perceive,  that  a  large  obfcure  objeAat 
a  gl:eat  diftance  is  an  houfe,  to  the  furprize  of  riis 
friends  who  are  acquainted  with  the  nature  of  his 
light.  On  thefe  principles,  we  may  eafily  account 
for  the  apparent  paradox  of  the  pur-blind,  or  thofe 
who  can  fcarcely  fee  a  fmall  object  at  arm's  length/ 
yet  difcovering  th<^e  that  arc  very  remote. 
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LECTURE    XVm. 

ON    THE 

NATURE  OF  VISION. 


Of  the  Distance,  Magnitude,  and  apparent 
PiACE  OF  Objects. 

LET  us  now  confider  by  what  means  the  mindt 
affifted  by  the  eyes,  is  informed  of  the  diftance 
of  objeifls.  Difiancti  of  itfelf  and  immediately,  is 
imperceptible;  for  it  is  only  a  line  directed  end- 
ways to  the  eye.  Thus,  if  I  look  endways  at  this 
piece  of  packthreadj  the  length  of  it  would  be  in- 
vifible  from  it's  fituation,  and  therefore  the  image 
on  the  retina  can  only  be  a  point,  which  point  will 
be  invariably  the  fame  at  all  diftanccs;  whethcrthe 
objeifl  be  a  thoufand  miles,  or  only  a  foot  from  us^ 
the  point  is  ftill  the  fame. 

The  change  of  conformation  in  the  eye,  is  the 
firft  means  whereby  the  eye  judges  of  diftance'.  If  the 
figure  of  the  eye  and  the  Situation  of  all  it's  parts 
were  to  continue  always  the  fame  at  all  diftances 
of  the  objetla  we  are  looking  ac,  the  pijSure  of 
fome  objeds  upon  the  retina  would  be  confufed, 
becaufe  they  are  too  far  off,  and  others  becaufe 
they  are  too  near.  In  viewing  objedls  at  fmall 
but  different  diftances,  the  eye  muft  change  it's 
conformation  for  procuring  diftindl  vifion.  Young 
people  have  commonly  the  power  of  adapting  theiif 
eyes  to  all  diftances  of  the  obje<S,  from  6  or  7  in* 
chca  to  15  or  16  feet,  fo  as  to  have  perfedt  and 
diftind  vifion  ac  any  diftance  within  chefe  limits. 
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The  effort  they  ufc  to  adapt  the  eye  to  any  parti- 
cular diftance  of  objeds,  within  that  diftance, 
will  become  a  fi^nof  chat  diftance. 

This  change  m  the  conformation  of  the  eye  has 
it's  limits,  beyond  which  it  cannot  go ;  it  can  there- 
fore bcof  no  ufe  to  us  in  judging  of  the  diftancc  of 
o£je<^  that  arc  placed  beyond  the  limits  of  dif- 
tind:  vifion.  But  as  the  objeA  appears  more  or 
lefs  confufed,  acccording  as  it  is  more  or  lefs  re- 
moved from  thefe  diftances,  the  degree  of  confu- 
£on  in  the  objects  aHifts  the  mind  in  judging  of  dif- 
tances, and  becomes  a  {ign  thereof  connderably 
beyond  the  limits  of  diftinA  vifion.  This  confu- 
fednefs  has  alfo  it's  bounds,  beyond  which  the 
image  on  the  retina  will  not  be  fcnfibly  more  in- 
diftindt,  though  the  object  be  removed  to  a  much 
greater  diftance. 

If  therefore  we  had  no  other  means  but  this 
of  pfrceiving  the  diftance  of  vilible  objedsj  the 
moft  diftant  would  not  appear  to  be  above  20  or 
30  feet  from  the  eye ;  and  the  tops  of  houfes  and 
trees  would  feem  to  touch  the  clouds,  becaufc  in 
that  cafe  the  ligns  of  all  greater  diftances  beine 
the  fame,  they  have  the  faoie  fignification,  and 
give  the  fame  perception  of  difts^nce. 

We  are  therefore  provided  with  another  means. 
namely,  the  inclination  of  the  optic  axes.  In  view- 
ing an  objeifl  attentively  w-ith  both  eyes,  we  always 
dired  both  eyes  towards  it,  and  the  nearer  the  ob- 
jc^  is  the  more  they  will  be  inclined  to  each 
other,  and  the  more  remote  the  lefs  wilt  be  this 
inclination :  and  although  we  are  not  confcious 
of  this  inclination,  yet  we  arc  confcious  of  the 
effort  employed  in  it.  By  this  means  we  percwve 
fmall  difhinces  more  accurately  than  we  could  do 
by  the  conformation  of  the  eye  only;  and  there- 
.  fore  we  find  that  thofc  who  have  loft  the  flght  of 
one  eye,  are  apt,  even  within  arm's  length,  to  make 
iniftakes 


Om  th«  NatUHS  o>  Visio»»  239 

toifltikei  in  the  diftance  of  ohjeSts,  which  are  eafily 
avoided  by  thofe  who  fee  with  both  eyes:  fuch 
Imiftakes  arc  often  difcovered  in  fnuiEng  a  candle^ 
threading  a  needle,  and  filling  a  tea-cup.  A  ppr- 
fon  who  plays  well  at  tennis,  will  find  himfelf 
fubjeifl  to  the  fame  miftakes  the  firft  time  he  plays 
with  his  eye  hoodwinked. 

To  be  convinced  of  the  truth  of  this  obferva- 
'  tion,  fufpend  by  a  thread  a  ring,  fo  that  the  edge 
may  be  towards,  you,  and  it's  hole  look  right  and 
left )  take  a  flick  which  is  crooked  at  the  end,  and 
retiring  2  or  3  races  from  the  ring,  cover  one  eye 
with  your  hand,  and  endeavour  with  the  othel*  to 
pafs  the  crooked  end  of  the  rod  through  the  ring : 
eafy  as  the  experiment  may  appear,  you  will 
fcarcely  fucceed  once  in  a  hundred  times  if  you 
move  the  rod  quickly. 

Although  this  fecond  mean  of  perceiving  the 
diftancc  of  vifible^objejJls  be  more  exafl:  and  de- 
terminate than  the  firft,  yet  it  hath  it's  limits^ 
beyond  which  it  can  be  of  no  ufe.  For  when  the 
optic  axes  dire(!led  to  an  objefi  are  fo  nearly  pa- 
rallel, that  in  dircAing  them  to  an  objeft  yet  more 
diftant,  we  are  not  confcious  of  any  new  effort,  nor 
have  any  different  fenfation,  our  perception  of  dif- 
tance  flops  ;  and  as  all  more  diflant  objefls  affcift 
the  eye  in  the  fame  manner,  we  perceive  them  to 
be  at  the  fame  diftance.  This  fhews  why  the  fun, 
moon,  planets,  and  fixed  flats,  when  not  feen  near 
.the  horizon,  appear  to  be  alt  at  the  fame  diftance, 
as  if  they  touched  the  concave  furface  of  a  great 
fphcre. 

The  colours  end  degrees  of  hrigbinefs  in  ohJeSls 
is  a^cau/e  of  a  difference  of  apparent  diftance.  As 
objeds  become  more  ana  more  remote,  they  gra- 
dualy  appear  more  faint,  languid,  and  obfcure ; 
their  minute  parts  become  more  indiftinft  ;  their 
outline  lefs  accurately  defined  i  their  colours  npt 
•  Z  a  only 
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only  lofe  their  luftre,  but  degenerate  from  their  na- 
turiil  hue,  and  arc  tinged  with  the  azure  of  the 
intervening  atmofphere.  It  is  by  thefe  meansf 
that  painters  can  reprefent  upon  the  fame  canvas 
object  at  very  different  diftanccs.  The  diminu- 
tion of  magnitude  in  an  objei^  would  not  be  fufH- 
cient  to  make  it  appear  at  a  great  diflance  withouc 
this  degradation  of  colour,  indiftinflnefs  of  the 
outline,  and  of  the  minute  parts.  If  a  painter 
fliould  make  a  human  figure,  ten  times  lefs  than 
other  human  figures  that  are  in  the  fame  piece, 
having  the  colours  as  bright,  and  the  outline  and 
minute  parts  as  accurately  defined,  it  would  not 
have  the  appearance  of  a  man  at  a  great  diflance, 
but  of  a  pigmy  or  Lilliputian.  Painters  therefore, 
to  give  their  figures  a  due  degree  of  remotenefs, 
are  obliged  to  lay  over  each  a  thick  colouring  of 
air;  for  the  more  remote  the  objeift,  the  more  do  it's 
own  colours  fcem  loft  in  that  of  the  intervening 
atmofphere.  This  is  called  keeping,  for  by  this 
means  every  objcd  in  a  pidure  feems  to  keep  it's 
proper  diftance  from  the  reft. 

Dr.  Smith  gives  us  a  curious  obfervation  made 
by  Biftiop  Berkeley  in  his  travels  through  Italy 
and  3'*^ily.-  He  obferved,  that  in  thofe  countries^ 
cities  and  palaces,  feen  at  a  great  diftance,  ap- 
peared nearer  to  hirn  by  fevcral  miles  than  tljcy 
really  were;  and  this  he  attributed  to  the  purity 
of  the  Italian  and  Sicilian  air,  which  gave  to  very 
diftant  objeds  that  degree  of  brightncfs  and  dif- 
tin(ftnefs,  which  in  the  groflcr  air  of  England  was 
only  feen  in  thofe  that  were  near.  Hence  a  cham- 
ber appears  lefs  when  it's  walls  are  whitened,  and 
fields  and  hills  appear  lefs  when  covered  with  , 
fnow. 

It  is  alfo  certain,  that  in  air  imcommonly  pure 
wc  ai-c  apt  to  think  vifiblc  objefts  nearer  and  lefs 
than  they  really  are.  and  in  air  uncommonly  ft^gy 
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we  are  apt  to  think  them  more  diflant  and  larger 
than  the  truth.  A  Ave^erly  profpcfft  in  a  clear 
morning,  with  the  fun  upon  it,  appears  nearer  than 
when  the  fun  is  higher  up  and  more  welierly.  The 
difpofition  of  the  clouds  and  innumerable  other 
circumftances  affeifl  the  brightnefs  of  objefts,  and 
contribute  their  fhare  in  forming  our  ideas  of  the 
diftance  of  remote  objefib. 

Tbf  Ungtb  of  the  ground-plane,  ok  numher  of 
intervening  parts  perceived  in  it,  is  another  mean  by 
•which  "we  perceive  diftance.  We  are  fo  much  ac- 
cuftomed  to  meafure  with  our  eye  the  ground  we 
travel  over,  and  to  compare  the  judgment  of  dif- 
tances  formed  by  fight  with  adlual  experience  or 
information,  that  we  by  degrees  in  this  way  form 
a  more  accurate  judgment  of  the  diftance  of  ter- 
reftrial  objcdts  than  we  could  do  by  any  of  the 
sbove-mentioned  means. 

A  given  extent  appears  lunger  according  as  it 
contains  a  greater  number  of  vifible  parts ;  and  hence 
fwo  remote  and  very  unequal  diftances  may  appear 
very  unequal,  according  to  thedift'erent  circum- 
ilanccs  of  the  intervening  parts,  and  as  the  fpec- 
tator  is  differently  elevated.  Thus  a  hedge  having 
in  it  feveral  grown  trees,  generally  looks  longer 
than  a  dipt  hedge,  or  the  Htme  extent  of  ground, 
in  an  open  field.  For  the  fame  reafon  a  row  of 
houfes,  columns,  or  trees  regularly  planted,  appear 
Iwiger  than  a  plain  wall  of  the  fame  extent ;  for  in 
ihis  cafe  there  are  not  only  more  vifible  and  re- 
markable parts  in  the  one  cafe,  but  our  pre-know- 
ledge  of  the  feveral  intervening  objefts  being  equi- 
diftant,  tends  to  protraft  the  apparent  length  of 
the  whole  chain  ftill  longer.  A  river  at  firil  does 
not  look  fo  broad  as  it  does  after  you  have  had  a 
fide  view  of  the  bridge  acrofs;  and  indeed  a  given 
extent  of  water  does  not  appear  fo  long  as  thefamp 
«x?ent  of  land,  it  being  more  difficult  tp  diltin,- 
L  3  guifti 
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guifti  parts  in  the  furface  of  the  one,  than  it  is  in 
the  furface  of  the  other.  Hence  a  perfon  unufed 
to  a  fea  pro(jpe(^  will  be  much  miftaken  in  his 
judgment  of  diftances ;  a  fhip  that  is  S  or  lo  miles 
from  the  fhore,  will  fcarce  feem  to  him  to  be  a- 
mile  off. 

s  When  part  of  the  intervening  chain  is  invi- 
fiblc.jor  obfcurely  feen,  the  apparent  diftances  of 
obje<5b  that  are  beyond  that  part  will  be  accord, 
ingly  lefs.  Thus  a  certain  extent  of  roughs  uncTcn 
ground,  appears  fhorter  than  the  fame  extent  of 
plain  ground  ;  the  prominent  parts  hiding  the  ca- 
vities behind  them,  the  apparent  diftance  is  fo 
much  the  lefs  by  the  lofs  of  thofe  inviiiUc  parts. 
For  the  fame  reafon  the  brow  of  an  hil]  feen  over 
the  top  of  another  frequently  looks,  nearer  than  it 
does  after  the  vale  between  prefents  itfelf  to  our 
view  ;  and  the  bapks  of  a  river  at  fome  diftance, 
will  feem  contiguous,  if  no  part  of  the  furface  of 
the  river  is  vifible. 

The  known  diftance.  of  the  terreftriAl  objeSs 
which  terminate  our  view,  makes  that  pftrt  of  the 
iky  which  is  towards  the  horizon  appear  more  dif- 
tarit  than  that  which  is  towards  the  zenith.  And 
hence  the  apparent  figure  "of  the  (ky  is  not  that 
of  a  hemifphere,  but  rather  a  lefs  fegment  of  a 
fphere ;  and  ;he  diameter  of  the  fun  or  moon,  and 
the  diftance  between  two  fixed  ftars,  feen  conti- 
,  guous  to  a  hill,  or  to  any  terreftrial  objeft,  appear 
piuch  greater  than  when  no  fuch  objeift  ftrikes  the 
eye  at  the  fame  time. 

When  the  vifibje  horizon  is  terminated  by 
very  diftant  objefls,  the  celeftial  vault  is  enlarged 
in  all  it's  dimenfions.  When  viewed  from  a  con- 
fined ftreet  or  lane,  it  bears  fome  proportion  to  the 
buildings  which  furround  it ;  but  when  viewed 
from  a  large  plain,  terminated  on  all  fides  by  hills 
fifing  one  above  another  to  the  diftance  of  20  or 

more 
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nuxe  miles  from  the  eye,  yoa  fee  a«  it  were  another 
heaven,  whofe  tnagniiicciice  doclares  the  greatneTs 
oi  it's  Author,  and  puts  every  human  edifice  out 
of  countenance ;  for  the  lofcy  fpires  and  gorgeous 

■  palaces  fhrink  into  nothing  before  k,  and  bear  no 
more  proporticm  to  chc  cdcflial  dome,  than  their 

-  Diakerto  It's  Maker. 

Different  degrees  of  apparent  difiances  arejug- 
gejied  by  the  diminution  of  their  apparent  or  vifiole 
magnitude.  Wc  know,  by  experience,  what  figure 
»  nun  Of  any  known  objed:  makes  to  our  qyes  at 
ten  feet,  and  we  perceive  a  gcadual  diminution  of 
the  vilible  figure  at  2a,  40,  100  feet,  and  ioon  till 
it  at  latl  vanilhes  1  hence  a  certain  vifible  magnitude 
of  a  known  objecft  becomes  the  fign  of  a  certain 
determinate  dffiance,  and  carries  with  it  the  con- 
ception and  belief  of  chat  diftance. 

But  when  we  are  ignorant  of  the  real  magni- 
tude of  an  objcd,  we  can  never  from  the  apparent 
magnitude  form  any  judgment  of  it's  diftance. 
Hence  we  are  fo  frequently  deceived,  in  our  efti- 
mate  of  diftance,  by  the  extraordinary  magnitude 
of  any  objed'feen  at  the  end  of  it;  as,  in  travelling 
towards  a  large  city,  or  a  caftle,  or  a  cathedral 
church.  Of  a  targe  mountain,  we  imagine  them 
nearer  than  we  find  them  to  be.  This  is  alfo  the 
leafon  why  animals  and  all  fiiiall  objeifls,  feen  in 
vallies,  contiguous  to  large  mountains,  appear  ex- 
ceedingly fraall ;  for  we  think  the  mountain  ,« 
nearer  to  us  than  if  it  were  fmaller,  and  we  iKould  f^^* 
be  furprifed  at  the  apparent  fmallnefs  of  the  neigh- 
bouring animaU,  if  we  thought  them  farther  off. 
Hence  alfo  objei^s  appear  fmaller  to  the  eye  when 
fecn  from  a  high  building,  than  they  feem  to  be 
when  viewed  from  the  fame  diftance  on  level 
ground. 

■  Let  a  boy,  who  has  never  been  upon  any  high 

tkuUdtngigoto  the  top  of  the  Monument,  and  look 
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down  into  the  ftrect,  and  the  objofls  feen  there 
will  appear  to  him  fo  ffnall  as  to  occafion  much 
iiirpriie.  But  lo  or  20  years  after,  if  he  has  now 
and  then  ufed  himfelf  to  look  from  that  and  other 

frcat  heights,  the  objetft  wiil  not  appear  fo  ftnall. 
or  this  reafon  ftatues  placed  upon  very  high 
buildit^  ought  to  be  made  of  a  larger  fize  than 
(hofe  which  are  feen  at  a  nearerdiftance. 

Of  Apparent  Magnitude. 

The  apparent  niagnitude  of  very  diftant  ob< 
jefe  is  neither  determined  by  the  angle  under 
which  they  are  feen,  nor  in  the  exaiEt  proportion  of 
that  angle  compared  with  their  true  diftance»  but 
is  compounded  with  a  deception  concerning  that 
diftance,  infomuch  that,  if  we  had  no  idea  of  the 
ditFcrcnce  in  the  diftance  of  objcds,  each  would 
appear  in  ma^itude  proportional  Do  the  angle 
under  which  it  is  feen ;  and  if  our  apprehenlion 
of  the  diftance  was  always  juft,  our  ideas  of  their 
fnagnitude  would  be  in  all  diftancea  unvaried  ;  but 
in  proportion  as  we  «rr  in  our  conception  of  dif- 
tance, the  greater  angle  fuggefts  a  greater  m^ni- 
tude.  It  is  probable,  thai  the  apparent  magnitudes 
are  either  exaSly  or  very  nearly  in  the  compound 
ratio  of  the  vi/ual  angles  and  apparent  dijlances. 

We  are  as  frequently  deceived  in  our  notions 
pf  magnitude  as  thofe  of  diftance.  A  fly  ikipping 
before  an  unattentive  fpedator,  will  fomcjtimes  ex- 
cite the  idea  of  a  crow  flying  afar  off ;  but  as  foon 
a^  the  miftake  in  the  diftance  is  found,  the  crow 
will  dwindle  into  a.  fly.  Thus  alfo,  as  we  have  ob- 
ferved  in  foggy  weather  and  in  the  duflc,  objeifts 
jippear  further  ofi^  than  they  really  are,  and  in  thefe 
^aies  proportionably  larger,  as  there  is  a  greater 
iniftake  in  the  difUncc,     Thus  a  fmall  heap  of 
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(tones  has  been  miftaken  for  the  ruins  of  a  Urge 
buildings  &c. 

The  diminution  of  apparent  magnitude  is  fo 
very  fmali- in  proportion  to  the  greater  incrcafc 
of  diftance^  that  in  general  the  vifual  angles  fifb-r 
tended  by  objedbs  can  have  but  little  Ihare  in  form- 
ing our  judgment  of  their  diftances  ;  and  indeed  . 
if  the  c^e  was  otherwife,  it  would  be  almoft  imr 
poflible'  for  us  to  guefs  aright,  either  as  to  dillance 
or  magnitude.  For  inftance,  if  we  did  not  judge 
independently  of  the  vifual  angle,  how  could  we 
know  a  child  from  a  grown  penon,  or  even  a  pin 
-from  a  May-pole.  For  the  largeft  objc^  being 
removed  to  .a  greater  diftance  may  iubrend  an 
angle  lefs  than  any  aHignable  one ;  as  objects  ge- 
nerally appear  nearer  when  the  intervening  chain 
is  not  perceived  :  and  the  fame  reafon  operates,  as 
already  obferved,  in  making  them  appear  propor- 
tionably  fmalier.  Thus  the  diftancc  of  an  objcft 
joined  with  it's  vilible  magnitude,  is  a  fign  of  it's 
real  magnitude ;  and  the  diftance  of  the  feveral 
parts  of  an  objedt  joined  with  it's  vitible  figure* 
becomes  a  fign  of  it's  real  figure. 

When  you  look  at,a  globe  (landing  before  you, 
by  the  original  powers  of  fight  you  perceive  only 
ibmething  of  a  circular  form,  varioufly  coloured. 
The  vifible  figure  hath  no  diflance  from  the  eye, 
no  convexity,  nor  hath  it  three  dimenfions;  even 
it's  length  and  breadth  are  incapable  of  being 
mcafured  by  inches,  feet,  or  other  linear  meafures. 
But  when  you  have  learned  to  perceive  the  diftancc 
of  every  part  of  this  objeft  from  the  eye,  this  per- 
ception gives  it  convexity,  and  a  fphericai  figure  ; 
.  and  adds  a  third  dimenfion  to  that  which'  had  but 
two  before.  The  diftance  of  the  whole  objeft  ena- 
bles you  alfo  to  perceive  how  an  inch  or  a  foot  of 
length  affei^s  the  eye  at  that  diflance :  you  perceive 
t>y  your  eye  the  dimenfions  of  the  globe. 

So 
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So  numerc^s  are  the  reladoDS  bciwcen  the 
eye  and  the  underftanding,  between  light  Mrit 
knowledge,  that  there  are  vety  few  pans  of  optics 
from  which  you  may  not  deduce  fooie  praaic^ 
advantages.  Thus  the  judgment  of  the  mind  cos* 
responds  with  the  ftrength  and  c^our  of  the  ob* 
je&s  whereon  they  arc  paflcd :  but  the  further 
oli^eAs  are  removed,  they  grow  more  faint  and  in- 
diftin^,  and  of  ccujrfe  our.  opinions  concerning 
them  will  be  lefs  vivid  and  clear.  Both  pleafures 
and  pains  at  a  diftance  appear  fcarce  worth  Qur 
regarding,  or  giving  ourfetves  any  trouble  about 
them ;  the  prcfent  occupies  our  thoughts,  and  for- 
cibly carries  away  the  preference  in  our  imasisa. 
fi(Mi  from  the  future,  againft  the  clearell  and  iureft 
decifions  of  our  undcrftanding.  To  redify  this 
imperfeifiion  of  our  nature,  is  worthy  of  your  ut- 
mo&  application ;  and  you  may  eafily  do  it  by  gra^ 
dually  muring  the  mental  eye  to  difcem  obje^a  at 
a  diftance.  I;  is  the  quicknefsof  this  moral  fen/et 
or  an  habitual  full  perfuafion  of  certain  good  and 
evil,  however  remote,  being  equally  valuable* 
with  the  prcfent,  that  confti|^(es  (he  virtue  of 
ppadence. 

Of  Apparbnt  Motion. 

If  two  objeds  at  diiFerent  diftimces  from  the 
eye  move  in  parallel  Hnes,  nearly  at  right  angles 
to  the  optic  axis,  and  with  the  fame  velocity,  the 
mod;  diftant  will  appear  to  move  Howell,  and  the 
neoreft  will  appear  to  move  quickeft,  becaufe  the 
fpace  defcribed  by  the  moftdiftant  objcft  will  fub-^ 
tend  a  much  fmaller  angle  to  the  eye. 

If  the  diredions  in  which  the  bodies  move  are 
not  parallel,  the  neareft  objedt  may  appear  to  move 
flower  than  the  more  dijiant,  although  it  rcaliy 
fnpves  quicker,  if  the  fpace  defcribed  be  lituacea 

fo 
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fo  obliquely  ca  the  vifual  rays,  that  they  fonn  it 
the  eye  much  fmallcr  angles^  than  fmaller  fpaces 
defcribed  by  the  more  diftant  objedl,  which  is  cxn 
pofed  more  dirc(5Hy  to  the  eye. 

If  two  obje^s  unequally  diflant  from  the  eye 
move  with  unequal  velocities  in  the  lame  dtrc&ion,. 
their  apparent  velocities  are  in  a  ratio  compounded 
of  the  dircA  ratio  of  their  true  velocities,  and  tho 
reciprocal  one  of  their  diftances  from  the  eye. 

As  object  in  motion  will  have  diiferoot  ap* 

^  parent  velocities  at  diiferenc  diftances :  fo  to  a 
fpeiftator  in  motion,  objeifts  at  reft  will  have  dtf*, 
^enc  apparent  velocities.  Thus  a  paiTenger  in  « 
coach  fees  the  trees  in  the  next  hedse  move  fwlftl/ 
backwards,  while  thofejin  the  field  beyond  move 

.  flower,  and  thofe  beyond  thefe  flill  flower,  and  fo 
on,  thofe  that  are  very  remote  being  fcarce  per-* 
ceived  to  move  at  all.  And  if  a  fpeifUtor  in  mom 
tion  keeps  his  eye  -fixed  upon  an'  objeA  at  fome 
diftance,  obje<iU  that  are  pretty  near  to  ^t  will  ap-  . 
pear  at  reft,  whilft  nearer  objeds  will  appear  to  go. 
backwards,  and  more  remote  ones  prt^eflively 
forward,  the  fame  way  as  thefpe<ftator. 

If  two  or  more  objedls  having  the  fame  appa- . 
rent  velocity  move  all  the  fame  way,  an  object  at 
reft,  by  which  they  pafs,  may  appear  to  move  the 

'  contrary  way,  while  the  objects  in  motion  may  ap- 
pear at  reft:  for  as  their  images  keep  ' the  fame 
difiance  upon  the  retina,  no  motion  among  them 
can  be  perceived.  If  the  fpedalorinfenfibly  move* 
bis  eye.  To  as  to  keep  thefe  images  in  the  fame 
place,  the  imageof  theobjeQat  reft  will  pafs  .fuc- 
ceflively  over  them,  in  the  fame  manner  as  if  that 
objc<ft  had  been  in  motion  the  contrary  way.  The 
fame  phenomenon  may  happen,  if  the  fmgle  obje<ft 
be  in  motion,  either  the  fame  or  the  contrary  way.j , 
only  it's  apparent  motion  will  be  quicker  or  flower, 
direA  or  retrograde,  according  toditterent  circum-, 
4  ftances. 
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ftxnces.  Thus  when  the  clouds  move  fuccefllvcly 
over  the  moon,  (he  feems  to  go  "with  their  velocity 
the  contrary  way,  whether  that  be  caftward  or 
leftward. 

From  hincc  you  may  fee  how  difficult  it  is  to 
form  a  juft  eftimate  of  the  real  velocities  of  ob- 
je(Ss  from  apparent  ones,  fmce  we  ought  to  know 
both  the  diredions  and  diftances  of  the  moving 
objcifts,  neither  of  which  in  many  cafes  can  be 
guefled  at  with  tolerable  accuracy. 

Bodies  in  motion  muft  move  with  a  certain 
degree  of  velocity  in  order  to  become  perceptible. 
Though  it  is  difficult  to  adign  with  accuracy  the 
Jpace  that  muft  be  pafTed  over  in  a  given  time,  in 
order  to  be  fenfiblp;  yet  in  general  we  may  fay  that 
it  fhould  defcribe,  in  a  fecond  of  time,  a  fpace  that 
Vill  form  at  the  eye  an  angle  of  1 5  or  20  feconds  of 
a  degree.  Hence  we  fee  why  the  heavenly  bodies 
»rc  not  perceived  to  move,  the  fpaces  defcribed 
by  them  in  a  minute  not  fubtcnding  an  angle  of 
above  i  degree,  when  their  apparent  motion  is 
grcateft.  For  the  fame  reafon  we  do  not  perceive 
the  motion  of  the  hour,  or  even  the  minute  hand  of 
a  watch.  In  the  fame  manner  a  prodigious  great 
velocity,  as  the  diurnal  motion  of  the  heavenly  bo- 
dies, may  be  yet  too  flow  to  be  perceived  |  and  an 
object  may  move  with  fo  great  a  velocity  as  not  to 
l>e  perceived,  as  the  flight  of  a  ball  out  of  a  gun. 

An  objeft  moving  with  great  velocity  is  not 
fecn  unlefs  ic  be  very  luminous.  Thus  a  cannon 
ball  is  not  fecn,  if  it  be  viewed  tranfvcrcly  j  but  if 
it  be  viewed  according  to  the  line  it  dcfcribes,  it 
may  be  fcen,  becaufe  it's  pit^ure  continues  long  on 
the  fame  place  of  the  retina,  and  therefore  receives 
a  ftronger  imprclTion. 

As  we  have  all  been  children  before  we  were 
men,  we  have  all,  I  doubt  not,  at  that  feafon  amufed 
ourfelves  with  many  childifti   diverfions,  one  of 

which 

L,.,:....,C00'iIc 


.  On  the  Natcre  of  Vision.  ■         349 

wliich  you  may  remember  was  burning  a  fmall 
ftick  to  a  live  coal,  and  whifking  ic  round  to 
make  gold  lace,  ias  we  called  it.  We  little  thought 
then  of  making  experiments  in  philofophy ;  but 
wc  may  turn  this  innocent  amufement  to  that 
ufc,  in  our  riper  years,  by  gathering  from  thence, 
that  our  organs  can  continue  fenfation  aft^r  the 
impulfe  of  objeifts  exciting  it  is  over :  for  the  coal 
is  in  one  point  only  at  one  time,  and  can  be  fcen 
only  where  it  is  j  yet  there  appears  an  entire  cirtlc 
of  fire,  which  could  not  happen  unlefs  the  light 
coming  from  it,  at  every  point,  put  the  optic 
nerves  into  a  motion  that  lafted  until  the  objei^ 
returned  to  the  fame  point  again  ;  nor,  unlefs  this 
motion  raifed  the  fame  perception  in  the  mind 
as  it  did  upon  the  firft  ftriking  of  tlie  light.  For 
if  the  ftick  be  not  twirled  fwiftiy  enough,  fo  that 
it  cannot  make  a  fecond  impredion  from  the 
fame  point,  before  the  motion  excited  by  the  firft 
be  over,  you  will  not  fee  a  whole  fiery  ring,  but 
a  lucid  fpot  paffingfucccflively  through  every  part 
of  the  circle. 

Oh  the  principles  we  have  laid  down,  are 
explained  what  are  ca.\\ed  faHacies  in  vijion.  They 
depend  principally  on  our  miltaking  the  diftances 
of  objects.  Thus,  parallel  lines,  as  long  viftae, 
confifting  of  parallel  rows  of  trees,  feem  to  con- 
verge more  and  more  as  they  are  farther  extended 
from  the  eye ;  becaufe  the  lines  which  rneafure 
their  intervals,  and  which  are  always  equal,  fub- 
tend  fmaller  angles,  the  more  remote  they  arc,  and 
io  appear  perpetually  diminilhing,  while  wc,  at 
the  fame  time,  miftake  the  diftancc.  For  the 
fame  reafon,  the  remote  parts  of  a  horizontal 
walk,  or  a  long  floor,  will  appear  to  afcend 
gradually;  and  the  more  remote  the  objects  are 
that  arc  placed  upon  it,  the  higher  they  will  ap- 

peaj. 
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pear>  till  the  laft  be  feen  on  a  level-  with  tltf  eycj 
whereas  the  ceiling  of  a  long  gallery  appears  to 
defcend  towards  a  horizontal  line,  drawn  from  the 

■eye  to  a  fpedlator.  And  the  furface  of  the  /eai 
feen  from  an  eminence,  feems  to  rife  higher 
and  higher,  the  farther  we  look :  and  the  upward 

■parts  of  high  buildings'  incline  forwrards  over 
the  parts  below;  fo  that  flatues  on  the  top  of 
fuch  buildings,  in  order  to  appear  upright,  muft 
recline  or  bend  backwards. 

There  is  another  phenomenon,  however,  not 
{o  eafily  accounted  for  :  if  a  perfon  turns  fwiftly 
round,  without  changing  his  place,  all  objeSs 
about  will  feem  to  move  round  in  a  contrary  way ; 
and  this  deception  continues  not  only  white  the 
perfon  himfelf  moves  round,  but  which  ie  more 
furprifing,  it  continues  alfo  for  fome  time  after 

■  he  ccafes  to  move ;  1-  e,  when  both  the  eye  and 
the  objeft  are  at  reft.  The  firft  is  not  fo  difficult 
to  explain,  for  the  motion  of  the  objeA  on  the 
retina  eaftly  explains  it ;  but  why  it  continues 
when  both  the  eye  and  the  objeift  are  at  reft, 
has  not  yet  been  well  uoderftood.  It  appears 
to  me,  that  the  feat  of  fenfe  is  not  altogether 
paffive  in  receiirtng  images,  but  pofitively  di- 
xe^s  a  ray  from  itfclf  to  every  objed  it  per- 
ceives ;   the  aftion  and  reaSion  between  objeds 

.  and  the  feat  of  fcnfc,  is  wholly  reciprocal.  Hence 
we  fee  objetfls,  or  their  image,  after  the  eye  is 
turned  from  them.  Hence,  alfo,  in  a  delirium, 
the  objetfts  of  the  imagination  receive  a  real  re- 

.  prefmtation  in  the  organs  of  fenfe  :  and  hence  we 
do  not  fee  an  objetft  the  eye  happens  to  be  fixed 
^-  on,  if  the  attention  be  otherwife  engaged. 

.  It  is,  however,  to  be  obferved,  with  refpwl 
. ,  to  what  we  call  the  fallacies  in  vifion,  the  appcar- 

.  ancd  of  things  to  the  eye  always  correfponds  to  the 

fixed 
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fixed  laws  of  nature  ;  therefore*  to  fpeak  properly^ 
there  is  no  hlliicy  in  .the  fenTc^.  Nature  always 
fpeaks  the  fame  language,  and  ufes  the  fame  figns, 
in  the  fame  circumftances :  but  we  fomettmea 
miftake  the  meaning  of  the  figna,  either  through 
ignorance  of  the  laws  of  nature,  or  through  Ig- 
norance of  the  circumftances  which  auend  the 
figns. 

To  a  man  unacquainted  with  the  principle 
jaf  optics,  almofl  every  experiment  that  is  made 
with  the  prifm,  with  the  magic  lanthorn,  with 
the  telefi»pe  and  the  microfcope,  feem  to  pro- 
duce fome  fallacy  in  vifion.  Even  the  appearance 
of  a  common  mirror,  to  one  altogether  unac- 
quainted with  the  -effeias  of  it,  would  feem  moft 
remarkably  fallacious :  for  how  can  a  man  be  more  ' 
impofed  upon,  than  in  feeing  that  before  him 
which  is  really  behind  him  ?  How  can  he  be 
more  impofed  upon,  than  in  being  made  to  fee 
himfelf  feveral  yards  removed  from  himfelf !~  Yet 
children,  even  before  they  can  fpeak  their  mother- 
tongue,  learn  not  to  be  deceived  by  thefe  appear- 
ances. Thefe,  as  well  as  all  other  furprizing  ap- 
pearances produced  by  optical  glaifes,  are  a  part 
of  the  vifua!  language ;  and  to  thofe  who  under- 
hand the  laws  of  nature  concerning  light  and 
colours,  arc  In  no  wife  fallacious,  but  have  a  dif- 
tinifl  and  true  meaning. 

Or  Vision  by  Images. 

The  particular  phenomena  of  viiion,  in  given 
cafes,  by  refie^ed  and  refradted  tight,  luve  been 
the  principal  fubje<5t  of  the  preceding  optical 
Ledurcs :  but,  on  account  of  thcij  umveriwlity, 
it  wilj  be  proper  to  make  a  few  more  obierva- 
cioos'  on  this  fubjed)'. 

Vifion 
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Viflon  of  real  objefts  feen  direftly,  and  vi- 
fion  by  images^  are  both  founded  on  the  fame 
principles  :  that  is,  limilar  impreflions,  or  the 
fame  kind  of  images  upon  the  retina,  excite  fimilar 
ideas  in  both  cafts.  Confcquently,  ohje£is,  when 
feen  by  refledled  or  refraded  rays,  are  feen  in  the 
places  of  thfir  laft  images.  If  thefe  images  are  ac 
moderate  diftances  before  the  eye,  the  feverat  cir- 
cumftances  by  which  we  form  the  ideas  of  the 
apparent  diftances  of  objefts  feen  by  naked  vi- 
iion,  are  atfo  taken  into  the  account.  Univerfally, 
every  vifible  point  of  an  objed  appears  fome- 
where  in  the  direiftion  of  the  axis  of  the  pencil 
of  rays  proceeding  from  it  to  the  eye  after  it's 
laft  refletflion  or  refradion. 

In  vifion  by  images,  we  are  generally  de- 
prived of  many  circumftances  by  which  we  ufually 
judge  of  diftances  ;  and  this  makes  it  difficult,  in 
moft  cafes,  to  determine  the  place  of  an  image, 
particularly  if  it  be  further  off  than  two  or  three 
yards.  Thefe  difficulties  arc  frequently  increaled 
by  fome  peculiarities  appertaining  to  the  images 
■which  we  are  not  accuftomed  to,  and  for  which 
we  are  at  a  lofs  to  make  the  proper  allowances. 
But  when  the  image  is  within  t^e  above-mentioned 
limits,  we  can,  in  moft  cafes,  determine  it's  place 
with  Sufficient  accuracy ;  and  here,  as  well  as  in 
naked  vifion,  the  nearer  we  can  determine  the 
place  from  whence  the  rays  converge  to  the  eycj 
the  more  diftinft  will  the  image  appear. 

The  apparent  -magnitudes  of  objedts,  (ecn  by 
reflection  or  refraftion,  are  either  accurately,  or 
very  nearly,  as  the  mf/angles  urtdfr  the  vifual  angles 
and  apparent  diftances  of  their  laft  ifaages.  In  all 
cafes,  the  apparent  place,  pofition,  and  figure  of 
an  obje<fl  feen  by  refratSed  or  reflected  light,  arc  ' 
as  thofe  of  it's  laft  image.  For  the  rays  proceed- 
ing from  the  image  to  the  eye,  form  a  iucceflton 
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of  [riiyfica]  points  after  the  lame  manner  as  if 
they  came  from  a  real  objedt,  and  therefore  ex- 
cite an  idea  of  an  objeA  equal  and  iimilar  to  the 
image. 

Hence,  as  you  have  feen,  in  vilion  by  images, 
we  are  liable  to  many  deceptions,  fome  of  which 
are  entertaining,  as  well  as  Uirprifmg ;  for  not  only 
the  place  of  an  image,  but  very  often  it's  pofition, 
magnitude,  and  even  figure,  fiiall  be  quite  different 
from  the  real  objeti. 

Of  Vision  by  Images.* 

As  this  is  a  fubjed  of  the  greatell;  importance 
in  optics,  it  will  be  worth  while  to  confider  it 
when  ftated  in  different  words,  with  fome  addi- 
tional circumffances. 

When  the  rays  in  a  pencil  diverge  from  a 
point,  and  either  by  reflection  or  refraftion  are 
brought  all  together  again,  they  then  form  a  lu- 
minous point  correjjponding  to  that  from  which 
they  diverged. 

By  this  means  a  new  tifible  objeiH:  is  formed, 
called  the  image  of  the  other ;  for  the  eye  now 
receives  the  rays  as  coming  from  this  latter  point, 
and  therefore  judges  the  former  point  to  be  in  . 
the  place  of  the  latt'er ;  and  as  this  is  true  for 
every  point  of  any  objeiS,  every  objcft  may  thus 
aiflually  be  formed  a<new,  fo  far  as  regards  our 
■vifiblt  ideas.  And  the  rays  diverging  to  the  eye 
from  the  image  thus  formed,  in  the  wnie  manner 
as  if  they  came  diredly  from  the  objeft,  excite 
an  idea  of  that  image,  or  of  an  objeifl  fimiUr 
to  it. 

Now,  if  the  pencils  of  rays,   which  diverge 

from  all  points  of  an  objeft,  be  again  refpeSivcly 

colteded  at  the  fame  diffanccs,    they  then   form 

a  new  vifible  objed  equal  to  that  from  whence 

Vol.  II.  A  a  they 

*  'Vmer's  Plan  of  a  Courfe  of  Lefturcs,  p.  87, 
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they  flowed  :  but  if  the  points  of  this  new  objeift^ 
called  the  image,  correfponding  to.  thofe  of  the 
original  objeft,  be  at  a  greater  or  lefs  diftancc, 
they  form  a  new  vifihle  objcdt  greater  or  lefs  than 
the  original  one.  Thus,  therefore,  we  are  able 
lo  "form  a  new  vijihle  objeft,  very  near  to  us, 
cxaiSly  fimilar  to  an  objeft  at  a  great  diftancc. 
,1  call  this  a  v/^i/r  objcfft,  becaufe  at  'the  place 
where  it  is  formed  there  is  nothing  to  excite  cor- 
refponding tangible  ideas,  as  in  the  objed  from 
■whence  the  rays  firfl  flowed.  But  in  refpefi  to 
our  vifible  ideas,  which  we  are  here  only  confi- 
dering,  it  is  as  much  an  objccJi  as  the  other ;  the 
eye  may,  therefore,  be  fo  fituated,  in  rcfpeft  to 
this  new  objed,  that  it  may  appear  much  nearer 
than  the  original  obje<fl;  every  objeft  appearing 
'greater,  the  nearer  it  is  to  the  eye. 

Now,  with  refpcd:  to  the  brightnefs  of  this 
new  vifible  objeft,  we  are  to  confider  that  when 
the  eye  looks  diredlly  at  any  objeft,  it  receives  no 
more  rays  from  any  one  point,  than  what  can 
.  direifHy  enter  the  pupil :  but,  \vhcn  an  image  is 
formed  by  a  lens,  for  inftance,  all  the  rays  from 
any  one  point  of  the  objcift  which  falls  upon  the 
lens  arc  collci^led  together,  and  form  a  point  of 
the  image.  Now  if  the  diameter  of  the  pupil  of 
the  eye  =o.  r  inch,  and  the  diameter  of  the  lens  be 
5  inches,  their  areas  will  be  as  o.oi  to  25 ;  or, 
as  I.  to  2500:  there  are,  therefore,  ceteris  part- 
hus,  a^oo  times  as  many  rays  collefted  to  form 
every  point  of  the  image  by  the  lens,  as  enter 
the  eye,  and  form  the  image,  fuppofing  all  the 
rays  to  be  refratSed.  Now,  although  the  rays 
diverge  from  every  point  of  this  image,  formed 
by  the  lens,  and  therefore  where  the  eye  is  fituated 
it  may  not  receive  them  all,  yet,  being  fituated 
near  to  it,  it  will  receive  a  very  confiderable  part, 
.and  more  in  proportion  as  it  is  nearer. 

Hence 
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Henc«  the  number  of  rays  which  die  eye 
receives  from  any  point  of  this  image^  may  he 
greater  than  that  which  it  receives  diredly  from 
the  obje4S  ;  and  thus  the  image  niay  be  brighter 
than  the  objeift.  Thefe  are  kmie  of  the  «afoM 
why  any  diftant  dbjed  may  be  made  to  appeair 
lai^r  and  brighter  :  and  the  common  expremcHi, 
that  the  obie(fl  is  brought  nearer,  is  not  incorreift ; 
for  the  vifible  objciii  is  aiSually  nearer,  but  noi 
being  accompanied  with  any  tangible  ideas,  wc 
call  it  an  image  of  the  other;  whereas  it  i^  ti  vi- 
sible object:  K>rmed  by  the  fame  rays  as  the  ori- 
ginal vifible  objedt.  Looking,  therefore,  at  the 
vifible  obj  eft  thus  formed,  we  get  an  idea  of  the 
Original  vifible  objed:,  feen  under  the  fame  an^i 
and  from  thence,  by  allbctation,  we  conclude*. 
what  are  the  correfponding  tangible  ideas. 

I  fhall  conclude  this  Leisure  On  vifion,  witlj 
fome  more  reflettions  on  the  eye.  They  are  ex- 
tnnfled  from  a  fermon  of  Mr.  Newlin's. 

Light  is  truly  pleafing  in  it's  own  natural 
fimplicity,  and  is  the  ornament  and  glory  of  every 
other  objeft.  But  the  eye  receives  it  always  with 
a  frefh  and  increafing  pleafure,  as  it  is  varied  - 
and  diverfified,  by  putting  on  fo  many  forts  of 
colours,   like  fo  many  changes  of  raiment. 

Every  time  that  the  eye  opens  and  expand) 
itfclf,  it  drtiws  as  it  were  the  whole  vifible  world 
into  it's  own  narrow  compafs  ;  and  there  is  a  new 
creation  within  itfelf.  The  fun,  that  marvellous 
injlrument  of  the  Moft  High  ,-  the  moon,  that  fijinetb 
in  the  firmament  of  heawn  ;  the  fiars,  that  number* 
■left  hift  i  i be  rainbow t  that  glorious  circle,  which 
is  bent  by  the  bands  of  the  Moft  tiigb  i  the  virgin 
purity  and  unfullied  whitencfs  of  the  fnow ;  thtf 
beautiful  embroidery  of  flowers  ;  the  rich  cloath- 
ing  of  the  meadows,  and  the  cattle  upon  a  thoufand 
hUiSf  arc  prefented  to  the  eye  by  the  Lord  ouh 
A  a  a.  Makekj  . 
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Maker,    and    fer    before    it,  as  on    a    fpacious 
theatre. 

The  great  fource  of  light,  which  ftiews  every 
thing  to  the  eye,  cafts  forth  fo  bright  and  daz- 
zling a  luftre,  that  it  would  bear  too  hard  upon 
it,  and  injure  our  vifual  faculty,  if  it  were  placed 
too  near  the  fight ;  but  it  is  fixed  at  fo  remote 
a  diOance  from  us,  that  we  look  upon  it  with 
pleafure,  and  enjoy  it's  glory. 

When  the  eye  is  wearied  with  it's  daily  fer- 
vice,  and  the  night  fpreads  a  veil  of  darknefs  over 
this  lower  world,  the  curtain  that  is  hung  before 
the  eye  falls  down,  and  the  eye-Hds  are  fhut  with 
a  clofe  feal,  till  wc  have  renewed  ouf'  ftreng[th, 
and  the  morning  reftorcs  the  world  to  our  view  ; 
jhe  eye-lid  not  only  affording  refrefliment  and 
eafe  to  the  eye,  but  defending  it  from  the  fecrct 
perils  and  invifible  dangers  of  the  night. 

And  when  day  breaks,  it  does  not  fhine  forth 
at  once,  in  full  perfection,  but  gradually  manifefts 
itfelf,  that  the  eye  may  not  be  overpowered,  by 
a  fudden  ifiuingout,  and  too  mighty  a  ftrcam  of 
light.  The  fun  fends  a  harbinger  before  him,  to 
give  notice  of  his  appearance,  that  the  dawning 
of  the  day  may  prepare  us  to  receive  him. 

Though  every  colour  has  a  peculiar  beauty, 
yet  they  are  not  all  equally  agreeable  and  refrefti- 
ing  to  the  eye :  but  the  verdure  of  the  fields  is  ' 
moll  particularly  pleafmg  to  it,  and  we  can  bear 
to  dwell  the  longcft  upon  it :  (?od  has  appointed  it 
for  the  common  drefs  of  nature,  and  made  this 
colour  the  moft  familiar  to  our  light.  He  leads 
HS  through  the  green  pajiures,  and  adorns  the  herbs 
and  plants  with  many  varieties,  even  in  the  fame 
colour,  and  changes  it  every  day. 

Time  would  fail  me  even  in  attempting  to 
defcribe  all  the  pleafures  and  advantages  of  light. 
I  cannat,  however,  leave  the  fubjcift  without  o.ie 

or 
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or  two  obfervations.  The  eyes  are  a  faithful  guard 
to  the  whole  man,  and  are  placed  as  in  a  friendly 
watch-tower,  19  difcern  his  danger,  and  give  him 
friendly  warning,  while  it  is  yet  a^r  off. 

The  eye  is  inftrumental  in  promoting  the 
happinefs  of  converfation-  It  is  the  eye  that 
meets  our  friend  with  joy,  and  kindles  and  im-' 
jMtrts  the  heavenly  flame  of  friendfliip.  It  is  tht 
eye  that  pities,  and  fpares,  and  yearns  over  the 
mifcrable  objeifl,  with  generous  compaHtbn,  It 
was  with  the  eye  that  our  Saviour  reproved  St. 
Peter.  0-Lord,  bow  marvellous  are  thy  works  I  in 
wi/dom  baft  thou  made  them  all  I  The  eye  that  fee», 
gives  witnefs  of  thee ;  and  the  ear  that  hears^ 
coniinns  it's  tefltmony. 
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I.ECTURE    XIX. 
Or  Colours. 

NO  philofophical  fubjecEl  is  mor;  worthy;  of 
yo6r  attention  that)  Ugb/f  it  ift  the!  mttanf  by 
which  «U  the  beaaties  and  fflories  of  tiba  crcacimb 
afc  laid  open  to  view  ;  with  fome  of  it's  curiout 
properties  you  are  well  acquainted}  a  new  fccne 
will  now'rife  before  you  equally  adiAirible  with 
thofc  that  have  preceded. 

I  have  hithert(>  coofidercd  tight  as  a  body  un- 
compounded,  ^d  of  parts  refetnbling  each  other ; 
but  we  are  going  to  exafnine  it's  texture  niore 
clofcly.  You  will  now  fee  that  this  iluid^  fo  fimple 
in  appearance,  is  made  up  of  very  difFcient  parti- 
plcs  ;  that  it  is  compofed  of  very  different  coloured 
tints ;  and  that  from  the  nature  of  this  compofition 
arifes  that  charming  variety  of  (hatlcs  which  paints 
the  face  of  nature. 

Whatever  pleafurcs  we  derive  from  the  beauty 
pf  colouring,  we  owe  it  to  the  different  rays 
of  light,  each  objeiS  fending  back  to  our  eyes  thofe 
rays,  which  iViJurface  is  beft  adapted  to  refleA :  in 
{his  fenfe  the  blufhing  beauties  of  the  rofe,  and  the 
modeft  blue  of  the  violet,  rpay  be  confidcred  as 
not  in  the  objcifts  themfclvcs,  but  in  th.e  light  that 
adorns  theni.  Odour,  fpfcnefs,  and  beauty  of 
figure^  are  their  own ;  but  it  is  light  which  drefles 
f  hem  up  in  thofe  fobes  which  (hame  the  monarch't 
giojT- 

Natural philofophers  were  formerlyof  opinion, 
that  the  folar  light  was  fimple  ^d  uniform,  with> 
put  any  difference  or  variety  in  it's  parts,  and  that 
the  di  ffercrit  colours  of  objecls  were  made  by  refrac- 
tion, rcfledion,  or  ibadows.     But  Neviton  uught 

fheni 
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them  the  errors  of  their  fonneropuuoiu;  he  fliewqcj 
them  to  difiedl  a  fmsle  ray  of  light  with  the  ml- 
nuteft  jM-eciflon,  ana  demonflrated  that  every  raj^ 
was  itfcif  a  compofition  of  feveral  rays  all  of  differ- 
ent colours,  each  of  which  when  feparate  held  tait'a 
own  nature,  fimpU  qnd  unchang«i  bycvCryezpc- 
rimeDC  that  could  be  tried  upon  It.  Or  to  be  nnoFO 
particular,  light  is  not  all  timilar  and  hotno^enial^ 
but  compounded  of  heterogenial  and  difGmilar 
rays,  fbme  of  which  in  like  inftances  being  nnorq 
refrangible,  and  others  lefs  refrangible^  4|kd  thc^q 
which  are  moft  refrangible  are  alio  mpft  reAexU 
ble;  and  according  as  they  differ  in  rcfrat^ibilicy 
and  reflexibility,  they  arc  endowed  with  ijie  powtf 
of  exciting  in  us  fenfaiions  of  different  colours. 

Newton's  theory  of  light  and  colours  ii 
llriking  and  beautiful  in  itfelf,  and  deduced  from 
clear  and  decifivc  experiments,  and  may  bealmoft 
faid  to  dcmonftrate  ciparly,  ift.  That  lights  which 
differ  in  colour,  differ  alfo  in  d^rces,of  refiangi- 
bility. 

2d,  That  the  light  of  the  fun,  rvotwithftanding 
it's  uniform  appearance,  conrills  of  rays  differently 
refrangible. 

3d,  That  thofe  rays  which  arc  more  refrangiblQ 
than  others,  are  alfo  more  reflextble. 

4th,  That  as  the  rays  of  light  differ  in  de- 
grees of  refrangibility  and  reflex  ibility,  fo  they 
alfo  differ  in  their  difpofition  to  exhibit  this  or  that 
particular  colour ;  and  that  colours  are  not  qiialifi- 
cations  of  light  derived  from  refraftions  or  reflec- 
tions of  natural  bodies^  as  was  generally  believed, 
but  original  and  connate  properties,  which  are  dif- 
ferent in  different  rays,  lome  rays  being  difpofed 
to  exhibit  a  red  colour  and  no  other,  and  fome  a 
green  and  no  other,  and  fo  of  the  reft  of  the  prif- 
loatic  colours. 

5th,  That  the  light  of  t\ie  fun cpnRHts  of  via/et 
A  "a  4  making,  - 
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making,  hdi^o  making.  Hue  making,  rreen  mak- 
m^,  yellow  making,  orange  making,  and  red  mak- 
ing rays,  and  all  of  thcfe  are  different  in  their  de- 
grees of  refrangibility  and  refiexibility  ;  fop  the 
rays  which  produce  red  colours  are  the  ieaft  re- 
frangible, and  thofe  that  make  the  violet  the  moft; 
arid  the  reft  are  more  or  kfs  refrangible  as  they 
approach  either  of  thefe  extremes,  in  the  order  al- 
ready mentioned  :  that  is,  orange  is  Ieaft  refrangi- 
ble next  to  red,  yellow  nextto  orange,  and  fo  on; 
fd  that  to»the  fame  degree  of  refrangibility  there 
ever  belongs  the  fame  colour,  and  to  the  fame  co- 
lour the  fame  degree  of  refrangibility. 

6th,  Evtry  homogenial -ray,  confidered  apart,  is 
refra<5ted  according  to  one  and  the  fame  rule,  fo 
that  it's  fine  of  incidence  is  to  it's  fineof  refra<ftion 
in  a  given  ratio  ;  that  is,  every  different  coloured 
ray  has  a  different  ratio  belonging  to  it. 

7th,  The  fpeciesof  colour,  anddcgree  of  refran- 
gibility and  refiexibility,  proper  to  any  particular 
fort  of  rays,  is  nor  mutable  by  refle<£tion  or  refrac- 
tion from  natural  bodies,  nor  by  any  other  caufe 
that  has  been  yet  ohfcrved.  When  any  one  kind 
of  rays  has  been  fcparated  from  thofe  of  other 
kinds,  it  has  obftinatcly  retained  it's  colours,  not- 
withftanding  all  endeavours  to  bring  about  a 
change. 

8th,  Yet  feeming  tranfmutations  of  colpurs  may 
be  made,  where  there  is  anymixture  of  divers  forts 
of  rays  ;  for,  in  fuch  mixtures,  the  component  co- 
lours appear  not,  but  by  their  mutually  alloying 
each  ocher,  conftituce  an  intermediate  colour. 

gih.  There  are  therefore  two  forts  of  colour,  the 
one  original  and  fimple,  the  other  compounded  of 
thefe ;  and  all  the  colours  in  the  univerfe  arc 
either  the  colours  of  hqmogenial,  fimple  light, 
or  compounded  of  thefe  mixed  togeiher  in  certain 
proportions.     The  colours  of  fimple  light  are,  as  . 
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we  obfcrved  before,  violet,  indigo,  blue,  green. 
yellow,  orange,  and  red,  togcttter  wichaD  indefinite 
variety  of  intermediate  gradations.  The  colours 
of  compounded  light  are  diifercntly  compounded 
of  thefe,  fimple  rays,  mixed  in  various  proportions: 
thus  a  mixture  of  yellow-making  and  blue-niaking 
rays  exhibit  a  green  colour,  and  a  mixture  of  red 
arid  yellow  makes  an  orange ;  and  in  any  colour 
the  fame  in  fpecie  with  the  primary  ones,  may  be 
produced  by  the  compofition  of  the  two  colours 
next  adjacent  in  the  feries  of  colours  generated  by 
thcprifm,  whereof  the  one  is  next  moft  refrangi- 
ble, and  the  other  nejct  leaft  refrangible.  But  this 
is  not  the  cafe  with  thofe  which  are  fituated  ac  too 
great  a  diftance  i  orange  and  indigo  do  not  pro> 
duce  the  intermediate  green,  nor  fcarlet  and  green 
the  intermediate  yellow, 

loth.  The  moil  furprilingaiid  wonderful  com- 
pofltion  of  tight,  is  that  of  wbtiene/s  ;  there  is  no 
one  fore  of  rays  which  can  alone  exhibit  the  co- 
lour, it  is  ever  compounded,  and  to  it's  compo- 
fition all  the  aforefaid  primary  colours  are  requi- 
fite. 

I  tth.  As  -wbitene/s  is  produced  by  a  copious 
refledion  of  rays  of  all  forts  of  colours,  when  there 
is  a  due  proportion  in  the  mixture  ;  fo  on  the  con- 
trary, hlacknffs  is  produced  by  a  fuffocation  and 
abforfJtion  of  the  incident  light,  which  being  ftop-- 
pcd  and  fuppreffed  in  the  black  body,  is  not  re- 
flefted  outward,  but  reflefted  and  refracted  within 
the  body  tilt  it  be  flified  and  Lolt. 

Having  thus  endeavoured  to  give  you  a  general 
idea  of  the  theory  of  colours,  I  ihall  proceed  to  ex- 
plain the  fubjeft  more  fully,  illuftrating  it  by  the" 
ex^riments  fo  admirably  dcvifed"  by  Newton. 
The  fun  fhines  favourably  for  our  purpofe,  we  will 
therefore  go   into  the  dark  roonij  I  have  been, 

you 
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y<WE  ftc,  particularly  careful  to  exclude  all  light 
fl«m-the  TOom,  but  what  enters  through  the  tube 
J  haw  fixed  in  the  window- fliutters.  I  admit  a' 
beMn  of  light  through  a  hole  in  this  tube  of  about 
'  f  of  an  inch  diameter,  the  beam  darts  tiu-ough  ttir 
hole,  and  forms  on  the  floor  an  imaee  of  thie  fun 
nearly  circular,  I  now  place  my  glais  priim  fo  as 
W  receive  the  beam  of  tight,  and  you  obferve  how 
beautifully  that  beam  is  refraif^ed  intodiflerent  co- 
loured rays.  The  cylindric  beam  of  light  pafles 
into  the  prifm,  is  there  dilated,  and  by  refraction 
thrown  into  an  oblong  form,  exhibiting  on  the 
oppofite  fide  of  the  room  an  amazing  fpedtrum  of 
doloun.  The  prifm  is  triangular  at  each  end, 
about  6  inches  long,  and  is  polifhed  on  the  three- 
fides.  I  have  placed  it  parallel  to  the  horizon, 
with  it's  axis  perpendicular  to  the  beam  of  light., 
On  turning  the  prifm  flowly  about  it's  axis,  you 
fte  that  the  refraded  light  on  the  wall,  or  the  co-» 
loured  image  of  the  fun,  firft  dcfcends,  and  then  af-  ■ 
cends ;  between  the  afcent  and  defcwic,  that  is, 
■where  the  image  is  ftationary,  the  prifm  is  to  be 
fixed,  bccaufe  in  that  fituation  the  rcfraiftions  of 
?he  light  on  the  two  fides  are  equal  to  one  another. 
Whenever  you  would  have  the  refraftiona  on 
both  fides  of  the  prifm  to  be  equal,  you  muft  note 
rhe  place  on  the  wall  where  the  image  fiands  ftill, 
or  the-  mean  point  between  two  contrary  motions, 
and  there  fix  the  prifm.  1  Ihall  make  all  the  fol- 
lowing experiments  with  the  prifm  in  this  fitua- 
tion, unlefs  fomc  other  pofition  be  mentioned.  •• 

The  refracted  light  falls  perpendicularly  upon 
a  flieet  of  white  paper,  placed  on  the  oppofite  wall 
of  the  chamber,  where  an  oblong  (not  an  oval) 
image  of  the  folar  fpot  is  formed  j  it  is  terminated 
by  -two  rectilineal  and  parallel  fides,  and  tn'o  fe-' 
inicircular  ends  ;  the  fides  arc  better  defined  than: 

the   , 
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the  ends,- which  are  confuted  and  iodiftinlf^,  be- ' 
caufe  the  lighc  at  the  end3  decays  and  vAnifhcs  bf 
■degrees. 

The  lower  extremity  is  red,  abote  thid  ir 
placed  the  orange,  afterwards  the  yetlo^,  then  the 
j^reen,  the  Hue,  the  imdigo,  and  laftly  the  vitle/t 
which  is  placed  in  the  upper  part  of  the  image^ 
There  areyyou  fee,  innuntcrable  gradacicMs  conneOl- 
ing  and  uniting  the  priinary  ones,  each  coIout  gra- 
dually degenerating  as  it, were  into  the  fucceedW 
one.  You  will  not  always  be  able  to  diftingui£ 
clearly  the  whole  feven  colours,  as  it  requires  a 
very  excellent  prirnD,  and  great  attention  and  accu- 
racy in  performing  the  experiment,  to  preyeitt 
fome  of  thofe  which  moft  nearly  refemble  each 
other,  from  being  confounded  together  :  you  Will, 
however,  fcarce  ever  fail  in  feeing  five  diftindlljr 
marked,  the  lower  Fed  gradually  declining  into  a' 
yellow,  the  yellow  fucceeded  by  an  infcnft  green, 
above  this  a  bright  and  lovely  blue,  and  then  a  foft 
but  glorious  mazarine  or  violet  colour. 

The  breadth  of  the  fpettrum  anfwere  to  the 
breadth  of  the  fun's  circular  image.  Jf  the  prifm 
had  a  fmalkr  angle,  the  length  of  xhe  image  would 
be  lefs.  If  I  turn  the  priftp  fo  chat  the  rays  emerge 
niore  obliquely,  the  image  foon  becomes  an  inch 
oi*  (Wo  longer  i  but  if  I  turn  it  about  the  contrary 
way,  fo  as  to  make  the  rays  fall  more  obliquely  on- 
the  fide  neareft  the  hole,  it  foon  becomes  an  inch 
or  two  Olorter-:  therefore  in  repeating  this  expe- 
riment, you  (hould  be  careful  fo  lo  place  the  prifm 
that  the  refrat^tion  on  both  fides  may  be  alike. 

This  experiment  is  reprefented  Jff.  «,  pi.  fi. 
T  the  tube  through  which  the  beam  of  Matt  enten- 
ti»  room,  proceeding  in  the  direftion  Tol,  but 
is  turned  out  of  this  direSion  by  a  prifm  SPD» 
Whofc  axis  is  perpendicular  to  Che  beam;  by  this 
the  rays  of  light  arc  refra(5ted  fo  as  to  form  a  co- 
loured 
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loured  fbeiflrum  M  N  uf)on  the  fcreen  K  L.  The 
moft  refrangible  rays  being  thrown  to  M  furthcft 
from  I,  but  the  leaft  refrangible  being  turned  lefs 
out  of  their  courfe,  fall  upon  a  part  of  cne  fcreen  N, 
and  nea^eft  I,  while  thofe  that  are  refrangible  in 
the  intermediate  degrees  will  fall  between  MandN, 
forming,  inftcad  of  a  circular  fpace,  a  long  fpcc- 
trum  bounded  by  right  lined  fides  and  circulai 
ends,  and  whofe  length  is  at  right  angles  to  thedi- 
rc(5lion  of  the  axis  of  the  prifm. 

The  fizc  of  the  hole  in  the  window -(butter, 
tjic  different  thicknefs  of  the  prifm  through  which 
the  rays  pais,  the  dilFerent  inclinations  of  the  prifm 
tp  the  horizon,  and  the  various  altitudes  of  the  fun, 
ipake  rjo  fenfible  change  in  the  length  of  the 
image,  nor  is  it  affected  by  the  different  matter  of 
which  the  prifm  is  formed.  With  a  prifm,  whofe 
rcfrading  angle  is  62  ^  at  i  8  t  feet  from  the  prifm, 
the  lengtn  of  the  image  is  about  9J  or  ro  incnes.* 

If  ibe  rays  wfre  equally  refrangible,  that  it^ 
equally  inclined  to  the  Jurfaci  of  the  prifm  in  the 
ingrejs  a^d  egre/i,  their  direBion  would  be  only 
changed ;  the  image  would  be  a  circle,  which  wiU 
appear  fufficiently  clear  by  your  confidering  thefe 
diagrams.  Let  ABC,  jig.  8,  pi.  6,  be  a  fedion  of  a 
triangular  .prifm  at  right  angles  to  it's  axis.  Sup- 
pofe  J  N  to  be  a  ray  incident  at  N,  and  thence  re- 
fracted at  £  on  the  furface  C  B,  where  it  is  again 
refraifted  into  the  fituation  EM.  Let  in  be  ano- 
ther ray,  parallel  to  the  former,  and  confequently 
incident  at  n  with  the  fame  angle. 

Now  if  the  ray  /  «  have  exaflly  the  fame  ca- 
pability or  difpofition  to  be  refrafted  by  the  prifm, 
US  the  ray  j  N,  the  angles  of  refradion  will  be  alfti 

equal, 

*  As  the  light  oFthe  Tun  is  not  always  to  be  obtained,  I  havta 
prepared  a  TmaU  model  with  coloured  filk  (Itings,  10  (hew  tb« 
narure  and  proportion  of  the  coloured  nyi  iSuing  from  • 
prifra,  - 
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equal,  and  in  will,  uhisn  refratfted  into. the  direc- 
tions ne  and  me,  ftiU  continue  parallel  to  the  ' 
ray  J  N,  which  is  refrat^ed  into  N  K  and  E  M. 

But  if  it  be  more  refrangible,  it  will  be  re^ 
fraded  into  other  directions,  as  nf,  and  fg,  verg- 
ing more  towards  the  bafe  AC;  or  if  it  be  lefs  re- 
frangible, it  will  be  refnKited  into  directions,  as 
n  h,  and  h  k,  that  verge .  lei's  towards  the  bafe 
AC. 

.Whence  it  appears,  that  if  a  coHeQion  or 
pencil  of  rays  fail  parallel  to  each  other  on  one  of 
the  fides  of  a  prifm,  and  do  not  proceed  parallel  to 
each  other  on  their  emergence,  it  muft  be  becau^ 
fome  of  the  rays  are  more  refrangible  than 
others. 

The  preceding  experiment  therefore  with  the 
prifm  proves,  Ibat  the  Jun's  light  is  compo/ed  ef 
rays  wbo/e  refrangibilities  are  not  all  the  fame  ;  for 
after  emerging  from  the  prifm,  ihftead  of  illumi- 
nating a  circular  fpace,  they  arc  fprcad  into  a  long 
fpeftrum,  bounded  by  right-lined  tides,  and  circu- 
lar ends,  and  whofe  length  is  at  right  angles  to  the 
axis  of  the  prifm. 

Turn  the  prifm,  which  is  fo  placed  that  the 
axis  is  perpendicular  to  the  beam  of  light,  that  .the 
image  may  be  llationary,  and  there-  fix  it ;  i^s 
being  done,  look  through  the  prifm  at  the  hole,  the 
length  of  the  image  will  appear  to  be  many  times 
greater  than  the  breadth  ;  the  molt  refratftcd  part, 
being  violet,  and  the  leaft  rcfraded  red  •  ihc  mid- 
dle parts  blue,  green,  yellow,  in  order. 

Now  remove  the  prifm  out  of  tiie  fun-be^m, 
and  look  through  it  at  the  hole,  and  you  will  have 
the  fame  appearance ;  if  all  the  rays  were  equally 
refracted,  the  hole  would  appear  round  when  rc- 
fraftcd  through  the  prifm.  This  therefore,  like 
ch«  preceding  experiment,  proves  that  at  equal 
incidences  there  is  a  confiderable  inequaliry  of 
rclradtion. 
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Afraftion.  Beiides  the  different  rcfrangibilitf, 
■the  foregoing  experiments  (hew  alfo  another  re- 
markable difference  between  the  raysj  namely, 
tikit  the  different  refrangihUity  of  the  rays  is  joined 
with  -a  difference  in  coUur-,  and  all  the  rays,  as  tbey 
are  merf  or  iejs  bent  hy  refraSion,  have  a  colour  pe- 
tulior  i-o  tbemfelve^ 

To  render  this  fubjeft  clearer,  and  to  ftiew 
that  thefe  appearances  are  not  accidental,  but  in- 
herent properties  of  ligbt.  Sir  I.  Newton  tried  what 
would  be  the  effed:  of  refraAing  the  rays  of  light 
a  lecmd  time :  for  this  purpofe  he  let  the  light 
refraified  by  the  firft  prifm  fall  upon  a  fecond . 
prifm,  placed  at  about  one  foot  from  the  firft :  the 
firfl  prifm  was  in  an  horizonul,  the  fecond  in  a 
vertical  fituation.  An  image  was  formed  by  the 
fecond  prifm,  limilar  both  in  the  arrangement  of 
colours,  and  it's  dimeniions  to  that  in  the  firft  ex- 
periment, with  this  only  difference,  that  it  was  not 
now  in  a  vertical,  but  in  an  inclined  polition.  Now 
if  tht;  effedb  were  only  caufed  by  a  modification 
of  light  produced  by  the  prifm,  the  fecond  ought 
to  form  in  breadth  the  image  that  the  former  made 
in  length,  and  thus  produce  a  fquare  fpetflrum, 
which  is  contrary  to  the  fadt^  The  inclination  of 
the  fpedirum  is  folely  occalioned  by  the  unequal 
rcfrangibility;  thoferays  that  were moft bent  by  the 
lirft  prifm,  being  alfo  by  the  fecond;  the  upper 
jiart  in  both  prifms  fuffering  a  greater  refraiftion, 
and  the  lower  part  a  lefs  refraftionj  likewife,  as 
before,  the  upper  part  appears  vielct,  and  the  lower 
p«t  red, 

At^^.  10,  pi.  6,  is  a  diagram  to  illuftrate  this 
experiment.  A  B .  reprefents  the  fecond  prifm  in 
a  vertical  direftion,  that  it  may  again  rcfraft  the 
rays  which  come  from  the  firft.  By  the  firft: 
priftn  the  rays  are  refracted  upwards,  by  the  fe- 
cond fideways  j  by  the  firft  it  is  refraded  to  m  n, 
.4                                    "  while 
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while  M  N  is  the  miage  formed  by  the  .rfr- 
fraction  of  the  two  crofs  prifms.  The  bqcadth 
of  the  im^e  is  not  -increafed,  the  upper  partfuf*- 
fers  a  greater  rcfradion,  and  the  lower  a  Ids  <mc 
4n  both  prifms. 

If  a  third,  and  even  a  fourth  prifm,  be  piftctd 
in  die  fame  manner  after  the  fecond,  the  refuIt.wiH 
be  the  Jame ;  and  the  mj>ft  refnogible  c^s  wiU 
-ftill  be  moft  refraifted,  and  the  lealt  the  leaftjr^ 
■frai^ed,  vhilft  their  colour^  remain  unchained. 

Let  us  now  proceed  to  another  experiwicnc 
Here>  as  in  the  firflj  the  light  is  tranfmitted.cbrou^ 
aprifm,  but  the  coloured  image  is  received  on  a 
ifcreen  which  I  have  placed  in  the  middle  .ctf  tile 
-room;  there  is  a  hole  in  the  fcreen,  through  .which 
^he  rays  of  any  '£ngle  colour  may  be  fufforcd-tD 
(NIs  alone,  by  .railing  or  lowering  .the  ibrecn. 
Thusfor  inflance,-!  place  the  hole  againft  the  blue 
■part  of  the  image,  fo  that  none  but  the  blue  n^s 
.go  throi^h  iti  thefe  are  again  refradted  by  oi 
■prifm  :  now  you  fee  that  the  blue  rays,  after  lutving 
ipafled  through  the  prifm,  continue  thej^me  as  be- 
fore, without  any  manner  of  alteration,  forming  a 
-blue  image  on.the  oppoftle  fide  of  the  waU,  and  the 
''figure  of  this. image  is  circular.  The  dirc<Sion  of 
the  beam  is  altered,  but  the  rays  are  not  dilated  or 
Jeparated  into  different  forts,  as  the  camnKm  beun 
-of  light  was  by  the  firil  prifm.  1  now  move  the 
-fcrcen  to  the  yellow  rays,  and  you  obferue  that 
■thefe-rayS' falling  on  the  fecond  prifm  are, rafraiS^ 
CO  the.fide  of  the  room,  and  there. form  coilya  yeU 
'low  fpot,  and'the  lame  with  the  reft  of  the  coloucs; 
.fothat  none  of  thefe  colours  are  changed  by  re- 
fraction.  Further,  if  you  place  any  fmall  bodies 
in  thefe  ckcular  images,  they  will  appear  .of  the  ' 
fame  colour  with  the  image,  red  in  the  red  light, 
-  green  in  the  green  light.  Sec.  fo  that. the  colours 
■  Wtfift  ways  changed  hyrefiedUao,    J^g3in,.if  )«au 

look 
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Jook  at  any  of  chefe  Cpots  through  a  prifm^  they 
ftill  prefcrve  their  colour,  and  are  not  expanded  or 
dilated  in  length ;  fo  that  bom»genial  light  fufiers 
no  manner  of  alteration  in  any  cafe. 

In  all  the  trials  that  have  been  made,  it  ap* 
pean,  that  thofe  rays  which  are  moft  refraifted  at 
firlt,  are  always  moit  refrai5ied  ;  and  thofe  that  are 
Jeaft  at  firft,  are  always  ieaft  afterwaids.  It  is 
therefore  plain,  that  every  ray  of  light  has  apecuUar 
degree  of  refrangibility,  which  coHftot  be  changed  by 
any  refieSlioHs  or  refraiiioits,  but  remains  confiantly 
and  invariably  the  fame. 

The  different  refrangibility  of  the  rays  of 
light  is  a  caufe  of  confufion  in  bodies  feen  through 
a  refracting  medium ;  for  this  will  occaiion  the  dif- 
ferent rays  flowing  from  the  fame  point,  to  be 
refraifted  la  different  points  on  the  retina.  Thus, 
fmall  objedls,  placed  in  a  fun-beam,  and  viewed 
through  a  prifm,  will  be  feen  biit  confufedly  ;  but 
if  they  are  placed  in  a  beam  of  homogeneous  light, 
ieparated  by  a  prifm,  they  will  appear  as  diftindt 
through  a  prifm  as  when  viewed  by  the  naked 
eye; 

As  the  light  refledted  from  all  terreftrial  bo- 
dies is  thefolar  light,  wc  may  fairly  conclude  from 
the  foregoing  experimcnis,  that  the  light  refieSted 
or  emitted  from  all  bodies,  conjijis  of  rays  differently 
refrangible :  and  this  may  be  further  proved,  for 
if  you  look  at  any  object  through  a  priun,  that  ob- 
jet^  will  appear  tinged  with  colours.  Take  a 
fmall  part  of  a  body,  illuminate  it  ftrongly,  and 
look  at  it  through  a  prifm,  and  you  will  have  an 
oblong  image  with  all  the  colours;  a.ftar.-a  lamp, 
a  «andUe,  a  burning  coal,  a  red-hot  iron,  or  any 
burning  matter  feen  through  a  prifm,  will  prcfenc 
you  with  the  fame  appearances.    ' 

If  you  are  delirousof  feeing  a  complete  fpe- 

cimen  of  analytical  reafoaing,  you^lhould  roid^ut 

I,  N&wton's 


1.  I^B^Ttoii's  Optics,  where  you  will  liiid  him  pur- 
fuing  chia  fubjei^  in  a  variety  of  ways ;  putting 
nature  to  a  thoufand  proofs,  in  order  to  eftabliih 
his  dedudions  on  a  fure  foundation.  It  is  impof-^ 
fible  for  me  to  give  you  even  an  imperfect  idea  of 
this  method,  in  thcfe  Ledlures ;  it  will  be  fufiicient 
if  you  here  attain  fo  much  knowledge  as  will 
awaken  your  attention  co  a  fuller  and  clofer  invef- 
tigation  of  the  fubjefl:.  Having  ftiewn  you  by  the 
preceding  expcrimentSj  that  the  light  of  the  fuft 
confijii  ef  rays  differently  rafrangibre,  I  ftiall  now, 
endcavdur  to  prove  to  you,  that  the  rays  of  iightt 
vabich  differ  in  cohur,  differ  alfo  in  refrannbility. 

{t  is  not  indeed  always  neceflkry  that  judg-^ 
ment  fhould  be  founded  on  demonjiratisti,  in  order 
to  obtain  your  confidence,  for  demonftraiion  iA 
rarely  to  be  foiind.  It  is  expedient,  therefore,  td 
ftudy  the  art  of  judging  accurately  upon  preBabili- 
ties,  which,  where  they  can  be  clearly  difccrncd, 
are  a  fufficient  ground  for  confidence,  until  new 
light  break  in,  or  circumAances  change,  whereotl 
a  new  Judgment  may  be  formed  with  nmilar  accu- 
ticy.  It  is  the  vain  expeiftation  of  ai/olute  cer" 
tainty  that  keeps  many  continually  wavering  and 
irrefolutc  ;  for  being  afraid  of  trufting  to  any  thing 
that  has  not  fuch  certainty,  and  being  able  to  find 
it  tio  where,  they  live  in  a  round  of  doubts,  without 
being  able  to  fettle  on  any  one  point.  You  may 
be  aniired  that  fome  courage,  as  well  as  caution,  is 
requifite,  either  to  fecure  freedom  of  thought,  of 
open  a  palTage  to  proficiency  in  any  fcience. 

Here  is  an  oblong  piece  of  paper,  one  half 
of  which  is  coloured  ftrongly  with  red,  the  other 
with  blue;  place  it  upon  this  piece  of  black  cloth 
near  the  window,  where  it  will  be  ftrongly  illumi- 
nated; now  look  at  it  through  a  glafs  prlfm,  held 
parallel  to  it,  and  to  the  horizon,  with  the  refradr-i 
ing  angle  upwards,  the  paper  wiU  appear  broken 
Vot.  11.  B  b  .  and 
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and  divided  into  two  parts,  the  blue  half  is  lifted 
higher  by  rcfradlion  than  the  red.  If  you  turn  the 
refradling  angle  of  the  prifm  downwards,  ,fo  that 
the. paper  may  be  carried  lower  by  refraftion,  the 
blue  half  will  be  carried  lower  than  the  red  half. 
This  experiment  (hews  clearly,  that  the  light  from 
the  blue  is  more  refrafted,  and  is  therefore  more  re- 
frangible, than  the  light  from  the  red. 

I  {hall  now  .wrap  a  thread  of  black  filk  feveral 
times  round  a  piece  of  paper,  one  half  of  which  is 
coloured  like  that  we  ufed  in  the  preceding  experi- 
ment, and  the  thread  appears  as  if  it  were  fo  many 
black  lines  drawn  upon  the  colours.  Darken  the 
room,  and  fet  the  paper  up  perpendicularly  againft 
the  wall,  fo  that  one  of  the  colours  may  fland  to 
the  right,  the  other  to  the  left  j  now  illuminate 
it  ftrongly  with  a  candle,  while  with  a  lens  of  a 
long  focus,  I  collect  the  rays,  jb  as  to  form  an 
image  of  the  coloured  paper  upon  the  white  fcreen, 
the  fcreen  being  at  about  rhe  fame  diftance  from 
the  lens  as  the  lens  is  from  the  coloured  paper. 

Move  the  fcreen  backwards  and  forwards  to 
find  where  the  images  of  the  blue  and  red  parts  of 
the  paper  are  moft  diftindt ;  this  is  eafily  known  by 
the  images  of  the  black  threads  of  filk,  and  you  will 
fin,d  that  where  the  red  half  appears  diftindt, "the 
blue  half  is  confufed;  and  on  the  contrary,  when 
the  blue  half  appears  diftindt,  the  red  is  fo  confufed 
that  the  black  lines  are  fcarcely  vilible:  the  fpace 
between  thcfe  two  lituations  of  the  paper  is  about 
I  4-  inch,  the  diftance  of  the  paper  from  the  lens 
being  about  6  feet.  The  focal  diftance  of  the  red  rays 
being  longer  than  that  of  the  blue,  is  a  proof  that 
the  blue  rays-  are  more  refrangible  than  the  red  ; 
.aiid  we  obtain  a  new  demonftration  of  the  differ- 
ence in  the  refrangibiUty  from  the  different  focal 
diftances,  at  which  the  rays  proceed  from  different 
Colours  i  for  thofe  w  hofc  rays  ai'e  moft  refrangible 
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tnuft  be  coHefled  and  united  at  the  (horteft  dif- 
tance.  Therefore  rays  that  differ  in  their  colour 
differ  al/o  in  their  decrees  of  refrangibility. 

The  different  refrangibility  of  the  rays  of  light 
is  a  great  ol/lacle  to  the  pcrfeSIion  of  tele/copes  and 
microfcopes.  This  is  a  clear  inference  from  our  laft 
cxperimenr,  for  no  rays  ifluing  from  a  point  can  be 
refracted  by  a  lens  to  a  fingle  point. 

From  what  has  been  (aid  it  is  alfo  plain,  that 
if  the  folar  light  confifted  but  of  one  kind  of  rays, 
there  would  be  but  one  colour  in  the  world ;  or,  in 
other  words,  all  things  would  beof  the  fame  colour. 
From  one  experiment  to  another,  Sir  I.  New- 
ton was  led  lo  what  he  juftly  calls  the  experimen- 
turn  crucis,  which  I  fiiall  relate  to  you  fo  as  to 
enable  you  to  repeat  it  at  your  leifure,  as  we  have 
already  employed  as  much  of  our  time  as  can  be 
well  Ipircd  on  this  fubie(5t.  He  took  two  thin 
boards,  and  placed  one  of  them  clofe  behind  the 
prifm  at  the  window,  in  fuch  a  manner  that  the 
middle  of  the  refraited  light  might  pafs  through  ■ 
the-hole  made  in  it,  and  the  reft  be  intercefited  by 
the  board,  and  be  refraded  on  the  other  board 
which  he  placed  at  about  the  diftanceof  12  feet  j 
having  made  a  frhall  hole  in  the  fecond  hoard  alfo, 
and  placed  it  in  fuch  manner  that  the  middle  of 
the  refradted  light,  which  camp  through  the  hole 
in  the  firft,  might  pais  through  that  of  the  fecond, 
the  rclt  being  intercepted  by  the  board  might  painC 
upon  it  the  coloured  fpeftrum  of  the  fun- 
He  then  placed  anotlier  prifm  behind  the  fe- 
cond board,  fo  that  the  light  which  was  tranfmit- 
ted  through  both  the  boards  might  pals  through 
that  alfo,  and  be  again  refracted  before  it  arrived 
at  the  wall. 

This  being  done,  he  took  the  firft  prifm  in  his. 

hand,  and  turned  it  about  it's  axis,  fo  as  to  make. 

(he  feveral  parts  of  the  image  caft  on  the  fecond 

B  b  a  ^..  board 
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board  fucceflively  topafs  through  the  hole  therein, 
and  fall  upon  the  prifm  behind  it.  that  be  might 
ttbferve  to  what  placet  on  the  wall  they  would  be 
refrafled  by  the  fccond  prifm ;  and  it  appeared. 
that  the  light  which  was  moft  refraded  by  the 
llrft  prifm  was  alfo  moft  refraded  by  the  fccond, 
2nd  went  co  the'  h^her  part  of  the  wall ;  and  the 
light  which  was  leaft  refracted  by  the  firft,  was 
alfo  leaft  re^^ed  by  the  fecond ;  and  chat  the  moft 
xefrangible  was  violet,  and  the  Icaft  Jb  red.  During 
the  experiment  the  two  boards  and  the  fecond  prifm 
remained  unmoved,  by  which  means  the  incidence 
thereon  was  always  the  fame ;  fo  that  without  any 
difference  in  the  medium  fotne  of  them  fhall  be 
more  refnufted  than  others  ;  and  that  according  to 
their  different  degrees  of  refrangibility  they  will 
be  tranfmitted  througii  the  prifm  to  different  parts 
cf  the  wall. 

Pi^.  I  r,  pi.  6.  VST  is  the  prifm  that  firft  re- 
ceives the  folar  light ;  this  is  refraAcd  and  falls  upon 
the  middle  of  the  board ,  P  X  Q,  the  middle  part  of 
which  falls  upon  the  fccond  board  p  x  q.  By  turn- 
ing the  prifm  VST  llowly  to  and  fro  about  it's 
axis,  the  image  will  be  made  to  move  up  and 
down,  fo  that  all  the  parts  from  one  end  to  the 
other  may  be  made  to  pafs  fucccflirely  through  the 
hole  g.  a  s  t  another  prifm  to  rcfraft  the  light  raf- 
fing through  the  hole  g  on  the  fcreen-  Y  Z  y.  The 
pbntion  of  the  holes  remaining  conftantly  the 
fame,  the  incidence  of  the  rays  on  the  fecond 
prifm  was  the  fame  in  all  cafes;  yet  with  that  com- 
mon incidence  fome  rays  are  more  refraded,  and 
others  lefs. 

^he  rays  of  light  that  fall  on  a  x^fieStingfurface 
in  the  fame  angle,  if  refteSied  at  all,  are  rtfieSed  in 
the  fame  angles;  conf e  quest] y  there 'mill  be  nofxcbfe- 
peration  in  decree  of  the  rayr  of  light  by  refielihn  at 
iiure  it  -by  refraiiion,  Tfiis  pofition  is  rcadiljr 
proved. 
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proved.  I  (hall  place  this  plane  mttrot-  in  an  hati*- 
zontal  polition>  fo  as  to  receive  this  beam  frotft 
the  hole  in  ihc  ivindow-fliuttet,  and  it  is  thereby, 
you  fee,  reflefted^tothe  oj^Hrfitewalli  the  figure  of 
the  reflcAed  light  is  circular  like  the  hole,  but 
there  is  no  reparation  of  the  rays  as  in  refradtioQ, 
nor  any  colours  produced  by  reflection  ;  the  nyi, 
which  have  the  fame  incidence,  running  parairel 
to  one  another  after  refletiion,  being  reflefttd  at 
equal  angles  :  though  the  mofl  refrangible  Will 
be  the  fooncft  reflected,  if  they  move  out  of  a  denfe 
into  a  rare  medium ;  a  circumHance  which  does 
not  in  the  I«ift  atfeift  the  prefcnt  prt^crfltion. 

The  rays  of  the  fun's  light,  however,  which 
are  refrangible,  are  atfo  more  refiexible  than  othefi. 
K 1. 1,  Jig.  1 2,  pi.  6,  reprefents  a  prifm ;  the  angle  K 
is  a  right  angle ;  the  other  angles  L,  1.  are  equal  to 
each  other;  TM  a  beam  of  light  that  paflte 
through  the  furface  K  I,  and  is  incident  at  N  upoti 
LI.  It  will  emerge- in  the  dircAion  MS;  but 
when  the  angle  of  incidence  at  M  is  fuch  that  the 
fine  of  the  angle  of  refratSion  is  equal  to  the  ra- 
dius, the  angle  of  rcfraiSion  becoming  a  rieht  oflft, 
the  ray  cinnot  emerge,  but  will  be  toulfy  re- 
flctfted. 

By  turning  the  prifm  ftowly  about  It's  axh 
until  all  the  light  which  went  through  one  of  it's 
angles,  and  was  refra£tcd  by  'it,  began  to  be  re- 
aed:ed  by  it's  bafe.  Sir  I.  Newtop  found,  that 
thofe  rays  which  had  fufFered  the  greiteft  refrac- 
tion were  fooncr  refieded  than  the  reft  j  he  there- 
fore conceived  that  thofe  rays  6f  refieded  light, 
which  were  moft  refrangible,  did  firft  of  all,  by  a 
total  refledion,  become  more  copious  in  that  light 
than  the  reft  ■,  and  that  afterwards  the  reft  alfo,  by 
a  total  reftc(f|ion,  became  as  copious  as  thefc.  To 
try  this, he  made  the  rertedtcdray,,A^.  i2,p/.6,  pafs 
through  another  prifm  T  V  X,  fo  placed  a»  to  fe- 
P  b  3  paratc 
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parate  it's  component  colours  by  refraiilion  ;  O  ^ 
the  reflected  ^xam,  then  the  light,  which  iirfl  be- 
gins to  be  rcfleded,  confifting  almoft  entirely  of 
violet  light,  were  by  the  fecond  prifmfo  refraded 
as  to  fall  on  q,  and  paint  a  violet  colour.  As  the 
firft  prifm  continues  to  be  turned  on  it's  axis,  the 
light  is  more  and  more  copioufly  refleiftcd,  and  the 
colours  between  q  and  r  appear  in  fucccfTion  till 
the  red  appears,  when  the  refletftion  becoming  to- 
tal, the  colours  formed  by  rcfradtion  at  Q  R  S  dif- 
f^ppear,  as  thofe  at  q  s  appear. 

In  the  beginning  of  this  Le<^re  I  obferved  to 
you,  that  no  one  kind  of  rays  would  exhibit  whtte- 
nefs  i  it  is  the  mpft  furprifing  and  wonderful  com- 
.pofition,  an  alTcmbla^e  of  all  the  colours  of  the 
prifm  in  union,  {vhitene/s,  or  the  folar  light,  is 
■  always  compounded ;  and  all  the  primary  colours, 
mixed  in  due  proptiriion,  are  requijite  to  it's  fer-^ 
mation.  I  Ihall  illuftrate  this  by  one  of  the  moft 
celebrated,  and  molt  fimple  of  Sir  I.  Newton's 
Mperiments. 

I  darken  again  our  roomi  and,  as  in  the  firft 
experiment,  rcfraifl:  a  beam  of  light  byaprifm,  and 
receive  it's  image  on  tbefcrecn.  Let  us  remove  the 
fcrecn,  and  hold  this  lens,  fo  that  the  refradied  rays 
may  fall  upon  it ;  this  you  perceive  has  occaflone^ 
the  coloured  light,  which  diverged  from  the  prifm, 
to  unite  and  meet  again  at  it's  focusi  and  you  have 
upon  a  piece  of  paper  held  behind  the  folar  image 
intenfcly  coloured :  the  rays  havie  no  fooner,  vou 
.fee,  palled  through  the  lens,  than  they  begiii  toi 
mix  and  efface  eaph  other,  and  lofe  the  fine  har- 
monious proportion  that  was  before  exhibited  in 
the  fpaces  of  the  coloured  image.  As  you  remove 
the  paper  from  the  lens,  the  cploursrwill  approach 
more  and  more  to  each  other,  and  by  mixing  to- 
gether will  be  more  and  more  diluted.  You  are 
(low  at  the  focus,  and,  you  fee,  they  are  pcj-fedlly 
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mixed  together,  the  cohiurs  wholly  vanilh,  and  are 
converted  into  whitenefs,  they  forming  a  fmall  cir- 
cular im^ge  totaily  white  -,  the  red  no  longfer  dif- 
filays  it's  lively  flame,  the  green  boafts  no  more  the 
ivcry  of  the  fpring,  nor  the  blue  the  lucid  robe  of 
heaven,  but  all  blended  together  exhibit  the  white- 
nefs of  the  fun,  from  whence  they  proceeded.  Re- 
move the  paper  ftill  further  back,  fo  as  to  receive 
the  rays  after  having  crolTed  at  the  focus,  and  as 
they  diverge  you  fee  they  agaiii  renew  their  fplen- 
dorand  colour,  but  in  a  contrary  order,  the  red 
being  now  above,  and  the  violet  below.  This  re- 
appearance of  the  colours  beyond  the  place  where 
they  were  blended,  is  a  further  proof  of  the  immu- 
tability of  the  primary  colours,  as  it  Ihews  that 
they  neither  lofe  their  colour  or  quality  by  being 
blended  or  interfccHng  each  other,  and  that  the 
wbitenefs  which  appears  is  produced  only  by  their 
mixture. 

The  whitenefs  is  made  up  of  all  the  co- 
lours of  the  image,  for  if  any  of  the  rays  be  inter- 
cepted in  their  pafTage,  the  whitenefs  ceafes,  and 
degenerates  into  that  colour  which  arifes  from  the 
compofition  of  thofe  which  were  not  intercepted, 
but  fiiffered  to  pafs  through  the  lens  ;  and  if  the 
intercepted  colour  be  again  let  pafs,  and  fall  upon 
the  compound,  it  will  immediately  reftore  it'» 
whitenefs. 

That  in  forming  the  white  the  rays  do  not 
fufFcr  change  byacUng  on  each  other,  is  clear  j  for 
if  you  hold  the  paper  beyond  the  focus  of  the  lens, 
and  flop  the  red  colour,  the  violet  fuffers  no 
change  ;  nor  will  the  red  be  changed  by  flopping 
the  red,  and  letting  the  violet  pafs. 

When  the  paper  is  held  at  the  focua,  if  you 

look  through  a  prifm  at  the  white  circular  image, 

you  will  have  a  coloured  fpeflrum  ;  let  any  ray  be 

intercepted  while  the  image  is  thus  examined,  and 

B b  4  then 
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tben  let  it  pafs  again,  and  the  colour  will  ^^lear  asd  . 
difappear  u  oftea  as  you  repeat  the  experiment,, 
the  'remaining  colours  not  fuf&ring  any  changs  i 
clearly  Shewing,  that  one  colour  depcndi  on  om 
kind  of  rays,  and  another  colour  on  yiiocher 
kind.  So  replete  and  decilive  arc*  the  ezp£- 
nments  of  Sir  I.  Newtoh,  that  they  not  oaljr' 
prove  tlie  proportion  they  were  primarily  i»!- 
vented  to  illullrate,  but  at  the  fame  time  they  alio 
firengthen  the  truth  of  other  propolition*. 

Convincing  as  Mere  thefc  experiments,  tits 
fertile  imagination  of  N  twTON  invented  new  onMt 
vhich,  though  diiTerent  from  each  other,  all  coiu 
curred  to  prove  the  fame  thing ;  they  Teamed  to 
rife  under  his  hands,  as  the  poets  make  flowers 
fpring  under  the  feet  of  their  beauties,*  He 
caufcd  an  inftrumcnt  to  be  made  In  form  of  a 
comb,  with  teeth  i  ^  inch  broad,  find  at  two 
inches  diftancc  from  each  other  j  by  paffing  this 
comb  over  the  lens  placed  as  in  the  laft  cxperi- 
mentj  part  of  the  colours  were  intercepted  by  the 
teeth,  while  the  reft  proceeded  on  to  the  p^aer 
placed  at  the  focus  of  the  lens.  This  image  ap- 
peared white  when  the  comb  was  taken  away,  tmt 
when  this  was  interpofcd  the  whitcncfs .  wan 
changed  into  the  coloiir  pafltng  through  the  comb. 
When  the  motion  of  the  comb  is  flow,  the  colours 
red,  )eUow,  green,  blue,  purple,  always  fucceed 
One  another  ;  but  when  the  comb  ii  moved  quick- 
ly, the  colours  following  one  another  with  extreme 
rapidity,  cannot  be  diflingiiifhed,  and  from  die 
confuAon  of  the  whole  there  arifcs  one  unifonoi. 
colour;  thcimprelTion'of  all  the  colours  is  at  once 
in  the  fame  part  of  the  eye,  and  they  jointly  excite 
the  fenfation  of  whitenels. 

Here  is  a  top,  fuch  as  we  were  ufe^  to  fpin  ia 
oyp 
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odr  younger  days  1  the  furface  is  divided  int«  cer- 
tain pn^rtions,  to  accord  with  the  coloured  fpec- 
tnim  of  the  prifm  ;  by  pulling  this  ftring  !  (hall 
nuke  the  top  revolve  rapidly  on  it's  axis  ;  while  it 
is  Co  revolving  you  can  diftinguilh  none  of  ihe 
colours  iingly,  but  t^e  whole'  appears  white,  and 
this  whitencfs  will  be  greater  in  proportion  aa  the  . 
particular  colours  are  brighter. 

Th*  colours  produced  by  the  prifm  are  not 
only  the  molt  beautiful  in  nature,  but  each  in  it-> 
fetf  continues  feparate  and  unalterable.  When 
one  of  thefe  primitive  rays  has  bcenfeparated  fmm 
the  reft,  nothing  can  change  it's  colour;  fend  It 
through  other  prifmsj  refnuit  or  refleft  it,  ftill  it 
remains  unalterable,  the  red  ray  prcferves  it's 
crimfon,  and  the  violet  it's  purple  beauty.  fFbat^ 
ever  objeS falls  under  a«y  of  tbemfoon  gives  up  il's 
own  eolour,  though  everfo  iiivid,  to  affume  the  homa-' 
genial  light  of  Ibe  prifmatic  ray.  Take  a  bit  ttf 
paper,  and  place  it  in  the  red-making  ray,  and  it 
will  appear  red ;  place  it  in  the  other  coloured' 
rays,  and  you  will  always  find  it  alTume  the  radial 
colour.  Take  a  piece  of  coloured  paper,  and  put 
it  in  the  red  light,  and  it  will  appear  red;  hold 
it  in  the  yellow,  orange,  &c.  and  it  will  appear 
orange,  yellow,  &c.  refpcftivcly.  In  ftiort,  no  art 
can  aher  the  colour  of  a  fcparated  ray ;  it  gives"  iE'» 
t-int  to  every  object,  but  will  aflbme  none  from  any  % 
neither  refiedtion,  refrailion,  nor  any  other  means, 
can  make  it  forego  it's  native  hue;  like  gold,  it  may 
be  tried  by  every  experiment,  but  will  ftill  come 
forth  the  fame. 

It  will  be  neceflar)'  hare'  to  explain  the  me- 
thod ufed  by  Sir  I.  Newton,  to  define  the  bounda- 
ries of  each  colour  in  the  prifmatic  fpedlrum. 
You  obferved  in  the  image,  that  though  there  was 
a  manifeft  dilierence  of  colour  not  only  between 
(he  twQ  extremes,  but  alfo   in  the  intermediate 
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pflrts,  yet  theexadt  place  at  which  anyone  colour 
ended  and  another  began  was  far  from  being  Suf- 
ficiently di(lingui(hable ;  this  indiftindtncfs  was 
occafioned  by  rays  of  every  kind,  proceeding  from 
all  parts  of  the  fun's  difk  ;  an  entire  image  of  the 
fun  is  projcfled  on  the  paper,  confiding  of  a  circle 
of  each  particular  colour ;  and  as  the  rays  ditfer 
in  kind  by  infinitefimal  degrees,  from  the  extreme 
red  to  the  extreme  violet,  there  muft,  in  fa(!i,  be 
thoufands  ofthefe  circles  in  the  oblong  image,  the 
centers  of  which  are  infinitely  near  to  each  other,  . 
fo  chat  the  light  is  intimately  mixed,  cfpecially  in 
the  middle  of  the  image,  where  it  is  brighteft. 

He  therefore  conlidcred,  that  if  thefe  circles 
could  be  made  lefs,  while  their  centers  kept  the  fame 
(Jiftances  and  pofitions,  their  interference  and  mix- 
ture with  each  other  would  be  proportionably  dimi- 
Diftied.and  that  they  would  be  fo  diminiihcd,  if  with- 
out the  room  at  a  great  diftance  from  the  prifrp  to- 
wards the  fun,  an  opake  body  was  interpofed,  hav* 
ing  a  jound  hole  in  the  middle  of  it,  to  intercept 
all  the  fun's  tight,  except  as  much  as  coming  from 
the  middle  of  it's  difk  could  pafs  through  that 
hole  to  the  prifmj  for  then  (he  feparate  circles 
would  no  longer  anfwer  to  the  whole  difk  of  the 
fun,  but  only  to  that  part  of  it  which  can  be  fcen 
from  the  prifm  through  that  hole.  But  to  make 
thefe  circles  anfwer  more  diftiniftly  to  the  hole,  a 
lens  is  to  be  placed  by  the  prifm,  to  caft  the  image 
of  the  hole,  that  is,  of  each  feparate  circle  diftinct- 
ly  on  the  paper. 

At  about  10  or  12  feet  from  the  window  Sir 
I.  Newton  placed  a  lens,  by  which  the  image  of  the 
Ihoie  might  be  diftiniftly  caft  upon  a  Ihcet  of  paper 
at  6,  8,  10,  or  12  feet  from  the  lens.  Immediately 
after  the  lens  he  placed  a  prifm,  by  which  the  re- 
frained light  might  be  thrown  upwartjs  or  fide-- 
Vays ;  moving  the  paper  that  received  the  image 
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pearer  to  or  further  from  the  prifm,  till  he  fount) 
the  filiation,  where  the  fides  of  the  image  were* 
moft  diftind. 

l-'tg.  13,  pi.  6.  F  is  the  hole  in  the  window, 
ftiutter  ;  M  N  a  lens  whereby  the  image  of  that 
hole  is  caft  diftindly  on  the  paper  at  I ;  ABC  4 
prifm  to  rcfrad  the  rays,  emerging  from  the  lens 
to  another  paper  at  pt  ;  the  round  image  at  I  i$ 
thereby  turned  into  an  oblong  image  p  t  falling  oa 
the  other  paper.  This  image  p  t  conlifts  of  circle* 
placed  one  after  another  in  redtiltnear  order,  the 
circles  are  equal  in  magnitude  to  the  circle  1;  con- 
fequently  by  diminifhing  the  hole  1',  they  may  be 
at  pleafure  diminiJhed,  whilft  their  centers  remain 
in  their  places.  By  this  means  the  breadth  of  the 
image  pt  may  be  made  forty  times,  and  fometimes 
fixly  or  feventy  rimes  kfa  than  it's  length,  and 
thereby  the  mixture  of  the  rays  as  much  or  as  little 
as  you  pleafe.    - 

By  this  means  he  obtained  a  diftind  termina- 
fion  of  the  images  of  the  hole  without  any  pc- 
numbra>  and  therefore  only  extending  the  le^tlt 
degree  iftto  each  other,  and  confequently  there 
was  very  little  mixture  of  heterogenial  rays.  By 
enlarging  or  diminifhing  the  hole  in  the  window- 
ftiutter,  he  made  the  'circular  images  greater  or 
Icfs  at  pleafure,  and  thereby  the  milcture  of  rays 
in  the  oblong  image  was  as  much  or  as  little  as  he 
chofe ;  fometimes  making  the  image  40  times,  and 
fometimes  60  or  79  timeti  Icfs  than  it's  length. 

Thus  the  light  was  rendered  fufficiently  fimple 
for  trying  any  of  his  experiments  about  hoinoge- 
nial  light,  the  heterogeneous  rays  being  fo  few  ^s 
hardly  to  be  perceived,  excepting  in  the  indigo 
and  violet,  which  being  dark  colours  ealily  fufier 
an  allay,  even  by  the  little  fcartering  light  re-  . 
ifradled    irregularly    by   the   inequalities    of  the 
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When  he  had  thus  got  the  fides  of  the  co- 
loured image  diftirnftly  defined,  he  delineated  the 
outlines  of  it  on  paper,  holding  the  paper  fo  that 
the  image  might  fall  on  the  paper,  and  coincide 
with  it  exadtly;  while  an  afliftant  marked  the 
confines  of  each  colour,  by  lines  drawn  acrofs  the 
linage.  This  was  frequently  repeated,  both  oo 
the  fame  and  diiFerent  papers ;  the  obfervatioits 
■were  found  to  agree  well  enough  with  each  other, 
and  the  fides  were  divided  like  a  mufical  chord, 
and  were-  in  proportion  to  one  another,  as  the  nutn- 
bers  1,  T)  T>  J>  f>  i.  ^.  and  -J-,  and  fo  reprefented 
the  chords  of  the  key,  and  of  a  tone,  a  third 
Vninor,  a  fourth,  a  fifth,  afixth  major,  a  fe.^ 
vcnth,  and  an  cigiith  above  that  key. 

The  length  of  the  fpaces,  which  the  7  pri- 
mary colours  poflefs  in  the  fpetlrum,  exaftly  cor- 
refpohds  to  thofe  of  the  chords  that  found  the 
feven  notes  in  the  diatonic  fcale  of  mufic. 

From  this  rcafoning,  colours  and  founds  have 
been  thought  to  be,  in  fomc  refp(-'(5t,  fimilar.  There 
are  7  notes  in  mufic  ;  there  are  alfo  fo  many  pri- 
mary colours :  the  diftance  between  each  note  h 
afcertained ;  a  fimilar  diftance  is  alfo  found  be- 
tween each  coloured  ray.  But  the  diverfities  bc-- 
tween  them  are  mSre  numerous  than  the  fimili- 
tudes.  The  combination  of  tones  increafes  their 
beauty;  bur  the  combination  of  colours  deadens 
"their  efFeiS.  The  fucceflion  of  founds  have  a  won- 
derful influence  on  the  mind  ;  the  fucceflion  of 
colours  has  fcarcc  any.  Notwithftanding  this, 
Pcre  Caftel  has  written  a  treatife,  to  prove  that  ■ 
as  the  ear  finds  pleafure  in  the  tuccefiion  of 
founds ;  fo  the  eye  may  have  a  fimilar  one  from 
the  fucceflion  of  colours.  For  this  purpofe,  he 
conftruftcd  an  ocular  barpjicbord,  which,  indead 
of  founding  to  the  ear,  prefcnted  coloufsto  the 
fyc.thc  prifmatic  rays  furnifljed  the  notes,  anij 
'■      •■  "th? 
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'  the  {hades  between  were  fubftituted  for  the  femi'* 
tones.  Sounds  furnilh  the  ear  with  alt  it's  plea- 
fiires,  but  colours  fumifh  the  eye  but  with  half  it's 
pleafure  ;  therefore,  tittle  is  to  be  expeAed  from 
the  mufic  of  colours.  To  make  fuch  an  tnflni- 
ment  fatisfy  the  fenfe  of  fight,  the  beautjf  of 
figure  muii  be  united  to  that  ^  colour. 

The  foregoing  principles  account  for  feveral 
phenomena,  that  were  inexplicable  before  Sir  Ifaac 
Newton  had  inveftigated  the  theory  of  colours. 
Among  others,  why,  upon  looking  at  any  obje& 
through  a  prifm,  the  edges  only  appear  tinged 
with  colours,  and  that  in  a  certain  order.  Thm, 
when  you  look  through  a  prifm,  at  any  ebjeft,  (if 
not  too  fmall  (particularly  if  it  be  white),  the 
edges  only  of  the  objed  are  cotourcd ;  one  edge 
red,  orange,  and  yellow  j  the  other  blue,  indigo, 
and  violet.  Thefe  colours  are  the  extremities  of  lb 
many  images  of  the  objedt,  as  there  are  rays  of  light 
differently  refrangible.  This  will  be  beft  explained 
by  a  diagram.  Let  A  B  C  D  //.  1 7,  pi.  6,  be  a  white 
figure,  viewed  throtigh  a  prifm  HIK;  CE,  DE» 
are  rays  proceeding  from  the  extremities,  whjch, 
if  the  prifm  were  not  interpofed,  would  meet  at 
Ej  but  by  means  of  the  prifm,  are  unequaily 
refradtcd;  the  red  uniting  in  G,  the  violet  at  F; 
the  intermediate  one  between  G  and  F,  into  as 
many  points  as  there  are  rays  differently  refran- 
gible. The  eye  being  fituated  fo  as  to  receive 
thefe  rays,  fees,  in  this  refraded  diredion,  the 
image  aosp  augmented  in  height,  by  the  quantity 
b  o,  which  is  that  of  the  rays,  feparared  by  refrac- 
tion. The  edges  of  this  image  are  coloured;  the 
lower  edge  red,  from  a  to  ej  orange,  from  c  to 
d ;  and  yellow,  between  d  and  e.  At  the  upper 
edge,  blue,  from  1  to  m  ;  indigo,  from  mton'; 
violet,  from  n  to  o.  From  what  we  have  faid,  it 
is  eafy  for  you  to  perceive,  that  tbefe  colours  arc 
4  the 
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the  extremities  of  fo  many  images  of  the  objedl; 
each  cctour  occupying  a  fpace,  equal  in  extent  to' 
that  Of  the  card  A  B  C  D,  which  receives  the  light 
of  the  fun,  vhich  light  is  compoTed  of  all  the 
rays.  The  red  image,  therefore,  extends  from  a 
to  b  ;  the  orange,  from  c  to  i ;  the  yellow,  from 
d  to  k  J  the  green,  from  a  to  I  j  the  blue,  from 
f  to  m  ;  the  indigo,  from  g  to  n  ;  the  violet,  from 
h  to  o. 

This  explains  clearly,  why  the  extremities  only 
are  coloured,  while  the  middle  remains  white; 
the  colours  anticipate  one  on  the  other,  fo  that 
they  are  alt  mixed  tc^ether  in  the  fpace  between 
h  and  b ;  in  the  fmall  intervals  between  e  and 
h,  and  b  and  1,  it  is  nearly  white.  It  is  only 
from  a  to  e,  and  from  1  to  o,  that  the  colours 
are  fufficicntly  pure  and  unmixed,  to  be  appa- 
rent. 

If  the  objcft  you  look  at  through  the  prifm 
is  fmall,  and  viewed  at  a  difhtnce,  the  whole 
forface  is  coloured  ;  for  when  the  objeA  is  fmall, 
each  objeiH:  occupies  Icfs  fpace;  whilfl:  the  quan- 
tity that  the  rays  are  feparaled  from  each  other,  is 
the  fame,  they  are  confequcntly  lefs  mixed,  and 
more  apparent. 

If  a  black  objcft  be  furrounded  with  a  white 
one,  the  colours  which  arc  perceived,  are  to  be 
derived  from  the  light  of  the  illuminated  objeft 
Spreading  into  the  regions  of  the  black ;  and 
therefore  they  appear  in  a  contrary  order  to  what 
they  do  when  a  white  objc<5t  is  furrounded  with  a 
black  one. 

It  is  the  fame  when  an  object  is  viewed,  the 
parts  of  which  are  lefs  luminous  than  others  j  for, 
in  the  borders  of  the  more  and  lefs  luminous  parts, 
colours  ought  always'  to  arifc  from  the  fame  prin- 
cij,le,  viz.  from  the  excefs  of  light  of  the  more 
luminous  objei5i:,  and  to  be  of  the  fame  kind  as 
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if  the  darker  parts  were  black,  but  yet  to  be  more 
fainc  and  dilute.  ' 

What  is  faid  of  colours  made  by  prifins, 
may  be  cafily  applied  to  the  colours  made  by 
the  glaffea  of  telcfcopes  and  micKifcopes,  or  by 
the  humours  of  the  cycj  for  if  the  objeci-glafs  of 
a  telcfcope  be  thicker  on  one  fide  than  the  other, 
or  if  one  half  of  the  glafs,  or  one  half  of  the  pupil 
of  the  eye,  be  covered  with  any  opake  fubftance, 
the  objeit- glafs,  or  that  part  of  it  or  of  the  eye 
which  is  not  covered,  may  be  confidercd  as  a  wedge 
with' crooked  fides  :  and  every  other  pelliicid  fijb- 
ilancc  has  the  effed:  of  a  prifm,  in  refra<5ting  the 
light  that  pafies  through  it's  fubftance. 

Though  the  foregoing  theory  of  light  and 
colour  was  [irft  fully  and  clearly  inveftigated  by 
Sir  Ifaac  Newton,  yet  fomc  traces  thereof  are  to' 
be  found  among  the  ancients. 

Plato  does  not  fcem  to  have"  been  altogether 
ignorant  of  the  Newtonian  fyftem  of  colours;  for 
he  calls  them  the  effcdt  of  light  tranfmitted  from 
bodies,  the  particles  of  which  were  adapted  to 
the  organs  of  fight.  Now  this  is  precifely  the 
fame  with  what  Sir  Ifaac  teaches,  "  chat  the  dif- 
ferent fcnfations  of  each  particular  colour  arc 
excited  in  us  by  the  difference  of  fizc  in  thofb 
fmall  particles  of  light  which  form  the  feveral 
rays ;  ihofe  fmall  panicles  of  light  dccafioning 
different  images  of  colour,  as  the  vibration  is 
more  or  lefs  lively  with  which  they  ftrike  our 
ftnfcs."  Plato  hath  gone  further  :  he  has  entered 
into  a  detail  of  the  compofition  of  colours,  and 
inquired  into  the  vijible  fjfeSs  that  muft  arije  from 
a  Tiiikiure  of  the  dijjerent  rays  of  which  light  it/elf 
is  compofed.  He  thought  certain  rules  might  be  laid 
down  on  this  fubjctt,  if,  in  following  and  imi- 
tating nature,  we  could  arrive  at  the  art  of  form- 
ing a  divcrfuy  of  colours  by  the  combined  inter- 
mixture 
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mixture  of  others;  adding  afterwards  what  tnif 
be  confidered  as  the  nobleft  eulogiuift  ever  tnadC 
on  Sir  Ifaac  Newton,  Should  ever  any  one^  extlainrf 
this  fublime  philofopher  of  antiquity,  attempt^  hy 
turioHS  re/eafcb,  to  account  for  ibis  admirable  me~ 
ebani/n,  be  ivili,  in  doing  fo,  hut  manifefi  bow 
tKtively  ignorant  he  is  of  the  difference  between  it" 
•vine  end  human  power.  It  is  true,  GDd  can  inter- 
mingle  thofe  things  one  with  another,  and  then  fever 
tbem  at  bis  pleafure  s  becaufe  be  is,  at  the  fame 
time,  all  knowing  and  all  powerful :  hut  there  is  no 
man  now  exi^s,  nor  ever  will,  ^perhaps,  who  fbalt 
ever  he  able  to  accompli^  things  fo  very  difficulty 
What  an  eutogium  are  thefe  words,  in  the  mouth 
0f  fuch  a  philofopher  as  Plato,  and  how  glorious 
u  He  who  hath  fucce&fully  accomplilhcd  what 
»ppearcd  impnufticabie  to  that  prince  of  philo- 
fophers !  And  what  elevation  of  genius,  what 
ptercii^  penetration  into  the  moft  intimate  fecrets 
of  nature,  difplays  itfelf  even  in  the  pall&ges  re- 
cited from  Plato,  when  we  confidcr  that  philo- 
Ibph;  was  thea  but  in  it's  JAfancy. 
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LECTURE    XX. 

Of  the  Rainbow. 

WHEN  we  look  back  upon  the  knowledge  of 
the  fevcral  periods  of  time  with'  which  hif- 
tory  has  left  us  any  acciuaintance,  and  compare  it 
with  the  prcfent,  reviewing  at  the  fame  time  the 
improvements  of  the  two  IsS  centuries,  and  com- 
paring them  with  the  whole  feries  of  what  pre- 
ceded, we  can  fcarce  avoid  regarding  the  later 
period  with  a  refped:  that  approaches  to  vene- 
ration. 

It  is  not  to  be  doubted  .but  that  men  have  at 
all  times  the  fame  natural  abilities.  That  many  of 
the  fages  of  antiquity  were  men  of  the  greateft 
ability,  and  moll  eictenfive  genius,  they  have  left 
fufficient  evidence  in  the  records  of  their  works. 
The  glory  of  the  prefent  period  is,  that  genius  and 
application  have  been  direded  into  a  proper 
courfe.  chat  men  have  ftudied  things  inftcad  of 
words,  and  have  built  their  fyftcms  upon  fafts,  not 
like  their  predeceflbrs  on  theories. 

I  would  not  be  underilood  as  delirous  of  tak- 
ing from  the  venerable  fathers  of  erudition,  ill 
claim  to  ufeful  difcoveries ;  for  their  writings  give 
us  teftimony  of  inventions  which  the  moft  entcr- 
prizing  geniufcs  of  thefe  ages  have  found  ir  impof- 
fible  to  equal ;  but  thefe  are  few.  With  us  know- 
ledge is  the  oiFsprin^  of  experiment,  and  we  ad- 
vance nothing  as  a  principle,  but  what  is  in  a  de- 
gree demonltrable,  and  what  can  be  in  fome  way 
put  to  the  teft  of  experience.  On  this  ftable  foun- 
dation fciencc  has  rifen  to  it's  prefent  height,  a 
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fituation  in  which  the  moft  fanguine  of  the  writer* 
in  the  obfcurer  ages  could  never  have  expefled  to 
fee  it :  and  yet  far  below  that  degree  of  perfedtion 
t6  which  I  think  it  polUblc  it  may  arrive^  and  to 
which  by  thefe  very  means  it  may  be  carried.  It 
isnoteafy  to  fay  what  will  be  the  triumphs  of  mo- 
dern application  joined  to  modern  genius,  nctf  to 
lay  where  it  will  ftop,  while  there  is  the  fame  ar- 
dour in  the  purfuit,  the  fame  principles  to  woric 
upon,  and  an  infinite  number  of  h&s  afceruined. 

The  x^olours  of  the  rainbow,  which  ftruck  an- 
tiquity with  amazement,  no  longer  dow  create 
the  philofophcr's  furprife.  To  Pliny  and  Pluurch 
it  appeared  as  an  objei^  which  we  might  admire, 
but  could  never  explain.  Kepler  fecms  to  have 
been  the  firft  who  fuppofed  that  it  might  arife  from 
the  refra<5Uon  of  the  fun's  rays  upon  entering  the 
lain  drops.  Antonio  de  Dominis  enlarged  a  theory 
juft  hinted  at  by  Kepler.  Each  fucceeding  phi- 
lofopher  went  on  in  improving  a  theory,  the  truth 
of  which  fcemed  to  carry  great  probability ;  but  as 
they  were  ignorant  of  the  true  caufes  of  colour, 
they  left  the  talk  unfinifticd  for  Kewton  to  com- 
plete. You  will  find  chat  the  theory  of  the  rain- 
bow, as  explained  by  him,  is  full,  clear,  and  will 
imprefs  your  mind  with  perfcifl  convtdion. 

Of  the  various  meteors  the  rainbow  is  one  of 
the  mofl  pleating  ;  it's  colours  not  oiily  delight  the 
eye  with  the  mildnefs  of  their  luflre,  but  encou- 
rage the  fpedator  with  the  profped  of  fucceeding 
ferenity.  It  is  almoft  needlefs  to  dcfcribe  this  me- 
teor, as  there  are  very  few  but  muft  have  furveyed 
it  with  pleafure  and  furprife.  You  know  that  it 
is  only  feen  when  the  ipedztor  turns  his  back  to 
the  fun,  and  when  it  rains  on  the  oppofite  fide. 
It's  colours,  beginnii^  from  the  under  part,  are 
violet,  "indigo,  blue,  green,  yellow,  orange,  red,  fo 
that  it  contains  all  the  beautiful  and  fimple  fhades 
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bf  the  prifm  J  without  the  firft,  there  is  often  an 
external  rainbow,  whofe  colours  arc  lefs  vivid  and 
ranged  in  an  oppofite  order,  beginning  from  the 
under  part,  red,  orange,  yellow,  green,  blue,  in- 
<]igo,  violet.  Sometimes  we  fee  half,  fomecimcs 
an  whole  bow;  frequently  one,  very  often  two, 
nay  three  have  been  feen.  Though  the  rainbow 
is  generally  formed  by  the  reflection  of  the  rays 
of  the  fun's  light,  from  the  drops  of  falling  rain,  it 
frequently  appears  among  the  waves  of  the  fea, 
whofe  heads  or  tops  are  blown  by  the  wind  into 
fmall  drops  t  it  ia  alfo  fometimes  to  be  feen  on  the 
ground,  when  the  fun  Ihinea  on  a  very  thick  dew. 
Cafcadcs  and  fountains,  whofe  waters  in  their  fall 
are  divided  into  drops,  \vill  exhibit  rainbows  to  a 
fpeQator,  properly  fituated,  during  the  time  of  the 
fun's  ftiihing.  This  appearance  is  alfo  feen  by 
moon-light,  though  feldom  vivid  enough  to  render 
the  colours  diftinguifhable  ;  and  an  artificial  rain- 
bow may  even  be  produced  by  ca~hdle-light  on  the 
water,  which  is  eje»Sed  by  a  fmall  fountain,  or  jfec 
d'eau.  All  thefe  are  of  the  fame  nature,  and  de- 
pendent on  the  fame  caufes,  fome  idea  of  which 
may  be  formed  by  confidering  thefe  diagrams. 

Let  the  circle  SiD,j%.  u,  pi.  7,  and  Gds, 
jig.  IZ,  pi-  7,  reprefent  two  drops  of  water;  S  3, 
fig.  12,  a  ray  of  light  falling  obliquely  on  the  drop 
of  water  at  s,  inftcad  of  continuing  in  it's  dire(5ti6n 
towards  F,  is  refraiftcd  to  t,  whence  it  will  be  in 
par,t  refleded  to  c,  making  the  angle  of  incidence 
equal  to  the  angle  of  refledion,  where,  inftead  of 
going  on  direiftly  to  f,  it  will  be  again  rcfradtcd  by 
palling  obliquely  out  of  the  water  into  the  air.    ■ 

But  as  this  ray  of  light  confifl:s  of  a  pencil  of 
rays,  fome  of  which  are  more  refrangible  than  the 
others,  the  violet  which  is  moft  fo  will  proceed  to^. 
wards  B,  and  the  red,  which  is  the  lealt,  towards  O. 
If  then  the  eye  of  the  fpeftator  be  fo  placed  at  O,  that 
C":^       .         ,,_ Coftflc 
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the  ray  of  light  falling  upon  it  from  the  drop  of 
water  has  been  once  reflected  and  twice  refrai9:cd, 
fo  that  eo  fhatl  make  with  the  Iblar  ray  sS  an  an- 
gle  S  FO  of  42*  2;  h*e  will  iee  the  red  ray  in  the 
diretftion  or;  for  it  has  been  found  by  computa- 
tion, that  the  greateft  angle,  under  which  the  moft 
refrangible  rays,  after  one  reflection,  can  come  to 
the  eye  of  a  fpcdtator,  is  40'  17';  and  that  the 
greatell  angle  under  which  the  leaft  refrangible 
rays  come  to  the  eye  is  42"  2'* 

If  the  eye  be  afterwards  raifed  to  B,  fo  that  the 
ray  eb  forms  with  the  folar  ray  only  an  angle  of 
40^  17',  he  will  fee  the  violet  ray  in  the  direi^ion 
b  B,  and  the  intermediate  colours  at  intermediate 
diretflions.  The  fame  thing  takes  place  if  the  eye 
of  the  fpeifUtor  remaining  in  the  fame  fpace  O, 
the  drop  of  water  defcends  from  D  to  £ ;  or  if  you 
fuppofe  this  fpace  filled  with  drops  of  water,  you 
will  then  fee  at  the  fame  time  all  the  prifmatic 
colours.  The  rays  which  have  the  intermediate 
degrees  of  refrangibitity  will  come  moll  copioufly 
from  drops  between  D  and  £,  and  exhibit  the  inter- 
mediate colours  in  the  order  which  their  degree  of 
refrangibility  requires. 

Now  what  has  been  faid  of  one  globe  or  drop 
of  water,  is  true  of  millions  of.drops.  Let  us  -now 
imagine  a  number  of  fuch  drops  of  rain,  placed  in 
the  circumference  of  a  femicircle,  in  the  center  of 
which  is  the  eye  of  the  fpciflator,  and  we  ftiall  have 
a  femicircular  band,  adorned  with  the  fevcn  pri- 
hiitive  colours,  and  whofe  breadth  will  be  equal 
to  DE,  that  is,  in  proportion  to  the  difference  be- 
tween the  moft  and  leaft  refrangible  rays. 

To  explain  the  exterior  bow,  let  us  fuppofe  a 
ray  of  light  S  s,  Jig.  13,  from  the  fun  falling  ob- 
liquely on  a  drop  of  watiT  leprefented  by  the  cir- 
cle Gdsj  inftead  of  continuing  in  it's  original 
diretflion  to  a,  it  is  rcfraifted  to  d,  from  whence  it 
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will  be  in  part  refle<ftcd  to  e ;  falling  again  on  the 
concave  furfacc,  a  part  will  be  again  reflected  towards 
g,  inftcad  of  g  o,  where  it  will  pafs  into  the  air  again, 
and  be  refraSed  a  fecond  time.  This  ray  of  light, 
like  the  preceding,  will  be  now  decompofed  ;  the 
red,  which  is  the  leaft  refrangible,  will  proceed  to 
O,  and  the  violet,  which  is  the  moft  fb,  to.  B. 
Now  an  eye  fituated  at  O,  fo  as  to  receive  the  ray 
of  light,  which  having  been  twice  refradled  and 
twice  refletfted  by  the  drops  oj"  water,  makes  with 
the  folar  ray  an  angle  ShO  of  50"  55*,  will  fee  the 
red  in  the  direction  O  r ;  if  the  eye  is  lowered  to 
B,  fo  that  the  angle  S  h  B  is  54"  7',  it  will  perceive 
the  violet  ray ;  and  in  proceeding  from  O  to  B,  alt 
the  prifmatic  colours  fucceflively. 

It  has  been  found,  chat  the  fmalleft  angle  un- 
der which  the  leaft-  refrangible  rays  can  come  to  the 
eye  after  two  reflediions  is  50"  7',  and  that  the 
fmalleft  angle  under  which  the  mofl:  refrangible 
can  come  is  54"  7',  Hence,  if  the  fun  were  a 
point,  the  diameter  of  the  exterior  bow  would  be 
3»  icf,  and  that  of  the  interior  bow  1"  45',  and  the 
diflance  between  them  8'  55';  but  as  his  body  fub- 
tends  an  angle  of  32',  5',each  bow  will  be  incrcafed 
by  chaE  q^iantity,  and  their  reciprocal  diftance  di- 
minifhed. 

The  fame  effeifls  would  take  place  if  the  eye 
of  the  obferver  was  fixed  at  O,  and  the  drop  of 
water  afcended  from  G  to  H  1  or  if  you  fuppofe 
this  fpace  filled  up  with  drops  of  water,  all  the 
prifmatic  colours  will  be  feen  at  the  fame  time,  the 
drops  between  G  H  ftriking  the  fenfe  with  the  in* 
termediate  colours,  io  the  order  of  their  refran. 
gibility.  If,  as  in  the  preceding  cafe,  you  imagine 
a  ferics  of  fuch  drops  fituated  in  the  circumfe- 
rence of  a  femicirclc,  in  whofe  center  is  the  eye  of 
-  the  fpei^tor,  you  will  havea  fecond  femtcircle,  en- 
riched with  feven  primitive  colours,  but  in  con- 
trary order  to  the  firft  bow.  Thus  there  will  be 
C  c  3  formed 
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fanned  two  bows  of  colours,  an  interior  and 
ftronger  by  one  refWtion  in  the  drops,  ^nd  an  ex- 
terior and  fainter  by  two  reBeiflions,  the  lighc 
becoming  fainter  by  every  reflation  :  their  colours 
will  be  in  a  contrary  order  to  each  other,  the  red 
of  both  bows  bordering  upon  the  fpace  which  i^ 
between  the  bows. 

What  has  been  here  only  fuppofed,  really  taket 
place  when  rain  falls ;  fo  that  when  the  rain  and  the 
fun  (with  regard  to  the  fpeifiator's  horizon)  are  in 
oppofite  parts  of  the  heaven,  there  Is  a  fulHcient 
number  of  drops  in  a  proper  fituation  for  the  emer- 
gent rays  to  form  with  the  incident  rays  the  angles 
neceflary  to  produce  a  rainbow.  Let  E,  F,  G,  H, 
fg.  i4*  ^'«  7.  reprefenr  drops  of  rain,  on  which  the 
folar  rays  SE,  SF,  SG,  SH,  are  uicident;  thefe 
n.ys>  after  having  been  twice  reraised  at  E  and 
F,  and  once  reflected,  fall  upon  the  eye  at  O, 
The  angle  S  E  O  formed  by  the  incident  ray  S  E, 
and  the  emergent  ray  EO  being  40"  17',  the  violet 
colour  will  be  perceived  at  E  t  the  angle  S  F  O, 
formed  in  the  (ame  manner  by  the  incident  ray 
SF.andthe  emera;ent  ray  FO,  being 4 2" 2', the rcq 
is  perceived  at  F;  the  drops  of  rain  between  T 
and  F  fen,ding  to  the  eye  the  neccfTary  emergent 
ray  for  producing  the  intermediate  colours. 

Thus  alfo  the  rays  S  G,  S  H,  after  t*o  re- 
fradtions  and  two  refledtions,  are  alfo  dire^ed  to- 
wards the  eye  placed  at  O.  The  angle  SGO, 
formed  by  the  incident  raySG,  and  the  emergent  ray 
G  O,  being  50°  57',  the  red  is  feen  at  G ;  the  angle 
S  H  O,  formed  by  the  incident  ray  S  H,  and  the 
tmeigent  ray  H  O  being  54''  7',  the  violet  is  feen 
at  H I  the  other  drops  of  rain  which  are  between 
G  and  H  furnilh  the  intermediate  colours.  The 
fame  may  be  faid  trf  the  reft  of  the  drops  con- 
llituting  the  (wo  femicircular  bands  A  F  B  E, 
gHDG. 

This  may  be  illuftrated  by  experiment,  for  if 
■    the 
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the  rays  of  light  fall  on  the  furface  of  a.  glafi 
fphcre  filled  with  water,  ihey  will  be  refrafted  to 
the  other  fide,  and  there  exhibit  a  coloured  fpot  of 
refnuSed  light  i  from  this  part  the  rays  will  be  re- 
lieved to  another  part  of  the  lower  furface,  and.- 
there  be  refr3<!lcd  a  fecond  time  into  the  air,  and 
dilated  into  all  the  diiferent  cploured  rays,  fo  that 
if  a  perfon's  ey^  was  placed  under  fuch  a  globe,  he 
would  obierve  all  the  different  colours  appear  in 
that  globe.  For  this  purpofe  here  is  a  globe  filled 
with  water,  which  X  {hall  fufpend  in  a  fiin-beam» 
at  fuch  a  height  that  you  may  eafily  obferve  this 
phenomenon.  You  fee  it  now  receives  the  light 
on  the  upper  pare,  refrads  it  from  the  lower  into 
all  it's  ditfercnt  coloured  rays,  forming  thereby  a 
circle  of  coloured  light  on  the  floor  much  refem- 
bling  the  rainbow.  Now  if  you  place  yourfelf  in 
fuch  manner,  refpecfting  the  globe,  that  the  rays  rf 
light  of  different  colours  may  fucceffivcly  fall  upon 
the  eye,  then  you  will  fee  all  thofe  colours  in 
the  globe  which  before  formed  the  variegated 
{irch  upon  the  floor. 

This  is  a  cafe  exadtly  fimilar  to  the  rainbow ; 
for  if  this  globe  of  water  was  placed  in  the  hca.- 
vens,  it  is  evUent  that  the  fun-beams  would  be 
jrefrai^ed  through  it  as  they  are  here. 

-  To  illuftrate  the  nature  of  the  fecond  bow,  we 
muft  let  the  fun-beam  fall  upon  the  lower  part  to 
the  globe ;  you  fee  plainly  the  coloured  fpot  be- 
hind to  which  it  is  refracted;  caft  your  eye  on  the  -H 
upper  part,  and  you  perceive  the  point  to  which  it 
is  refleifted,  from  whence  it  is  a  fecond  time  re- 
fleded  to  the  fore  part  of  the  globe ;  and  from 
thence  you  fee  it  a  fecond  time  refracted  out  of 
the  globe  into. the  air,  and  the  beam,thereby  dif- 
fipatcd  into  all  it's  different  coloured  rayij  and 
you  fee  by  the  colours  on  the  floor,  that  the  feveral 
rays  in  the  beam  lie  in  a  different  order  from  what 
they  did  when  refratfted  from  the  glob?  before : 
C  c  4  and 
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and  a!fo  you  will  perceive,  that  the  colours  of  the 
beam  are  more  dilute  and  faint  than  they  were  in 
the  firfl;  experiment. 

It  was  by  this  experiment  that  Antonio  de 
Dominis  undertook  to  explain  the  caufe  of  the 
rainbow.  Filling  a  glafs  globe  with  water^  hung 
af  a  certain  height,  oppofttc  to  the  fun,  and  ftant^ 
ing  himfelf  with  his  back  to  the  fun,  and  his  face 
to  the  globe,  he  found  that  when  this  was  in  fuch  a 
(ituation  that  a  ray  darting  from  the  fun  to  the 

flobe  made  an  angle  with  another  ray  going  from 
is  eye  to  the  globe  of  42'  3',  he  found  the  globe 


1  red.  If  the  pofition  of  the  globe  was 
iJtered,  fo  as  to  make  the  angle  between -the  folar 
and  vifual  ray  lefs,  then  the  other  colours  of  the 
rainbow  arofe  from  red  down  to  violet,  which  ap- 
peared at  an  angle  of  4°  17'. 

You  will  now  be  able  to  account  for  all  the 
phenomena  of  the  rainbow ;  it  appears  always  of 
the  fame  breadth,  becaufe  the  degrees  of  refrangi- 
bility  of  the  red  and  violet  rays  which  form  wie 
extreme  rays  are  always  the  fame.  The  rainbow 
forms  a  greater  or  fmaller  portion  of  a  circle.  Our 
eye  is  a  point  of  a  cone,  and  the'  rays  that  proceed 
from  it  at  the  above-mentioned  angles  form  the 
fur^ce  of  the  cone;  the  coloured  circle  is  the 
bafe,  part  of  which  is  vifible,  while  the  earth  cuts 
off  the  part  which  lies  above  the  horizon.  The 
portion  in  view  is  of  courfc  greater  or  fmaller,  as 

"th?  line  of  fight  is  more  or  lefs  inclined  to  the  ho- 
rizon ;  this  obliquity  increafes  in  proportion  to 
the  elevation  of  the  fun ,-  confequently  the  fizc  of 

.  the  bow  diminilhes  as  the  altitude  of  the  fun  in- 
creafes. To  make  this  plainer,  fuppofe  the  fpec- 
tator  on  the  top  of  a  very  high  mountain,  and  the 
rain  falling  at  lome  little  di^ancc  from  him,  in- 
ftead  of  a  femicircular  rainbow  he  would  then  fee 
a  complete  ring  of  that  beautiful  meteor ;  a  circle 
not  like  our  common  bow,  cut  off  by  the  earth, 

but 
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but  complete  and  beautiful ;  and  fuch  is  ufually 
feen  from  the  American  Andes. 

From  hence  we  fee  why  there  is  no  rainbow,. 
when  the  fun  is  above  a  certain  altitude  ;  the  co- 
nical furface  under  which  it  becomes  vifible  being 
below  the  horizon,  when  the  altitude  of  the  fun  is 
more  than  42  degrees ;  if  the  altitude  is  more  than 
43,  but  lefs  than  54,  the  exterior  bow  may  be  vi- 
fible, though  the  interior  bow  is  invifible.  Some- 
times the  rain  does  not  occupy  a  fpace  extenfive 
enough  to  complete  the  bow,  only  a  portion  of  an 
arch  will  in  fuch  cafes  be  vifible ;  and  the  appear- 
ance of  this  portion,  and  even  the  bow  itfelf,  will 
be  various,  according  to  the  nature  of  the  fituaticti 
^nd  the  fpace  occupied  by  the  rain, 

Op  the  Separation  of  the  origikal  Rays  of 
Light,  by  Rsplection  or  Trambmissio'n, 
but  dependikg  on  the  thickness  07  thl 
Medium  ypQtt  which  they  are  incident. 

The  foundation  of  a  rational  theory  being 
laid,  it  next  became  natural  to  inquire  by  what 
peculiar  mechanifm  in  the  ftrufture  of  each  parti- 
cular body,  it  was  fitted  to  reflect  one  kind  of  rayi 
more  than  another.  This  Sir  I.  Newton  attri- 
butes to  the  denfity  of  thefe  bodies.  This  fubjeft 
is  pot  fo  clear  as  the  preceding;  the  prcfent  theory 
fuggefts  many  doubts  to  every  inquifitivc  mind, 
and  is  allowed  by  all  to  be  attended  with  difficul- 
ties. ,  There  are  no  optical  experiments,  however, 
in  which  Sir  I.  Newton  feems  to  have  taken  more 
pains,  than  thofe  relating  to  the  rings  of  coloun' 
which  appear  in  tbia  plates,  and  which  I  am  going 
(o  explain  to  you  ;  in  all  his  obfervations  and  in- 
veftigations  concerning  them,  he  difcovers  the 
greatell  fagacity,  both  as  aphilofophcr  and  a  ma- 
thematician. 

The  bubbles  which  children  blow  with  a  mix- 
ture 
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tuFc  of  &fip  and  vater,  were  obferved  by  Dr.  Hooke 
to  exhibit  various  colours  according  to  their  thii}- 
nefij  and  that  when  they  have  a  confiderable  de- 
gree of  thicknefft  they  appear  cotourlels ;  from 
this  the  prclcnc  ^eory  has  taken  it's  rife.  It  is 
thus,  that  things  overlooked  by  the  rcH  of  mankind, 
are  often  the  moft  fertile  in  fuggefting  hints  to 
Chofe  who  are  habituated  to  refleiflion. 

Sir  I.  Newton  blew  up  a  large  bubble  from 
a  ihong  mixture  of  foap  and  water,  and  fet  himfclf 
attentively  to  confider  the  different  changes  of 
colour  it  underwent*  from  it's  enlargement  to  it's 
diflblution.  He  in  general  perceived  that  the 
'thinner  the  plate  of  water  which  competed  the 
fides  of  the  bubble,  the  more  it  rcftedled  the  violet 
colour  ray;  and  that  in  proportion  as  the  fides  of 
the  bubble  were  more  thick  and  denfe,  the  more 
they  refleifted  the  red  :  he  therefore  was  induced  to 
believei  that  the  colours  of  all  bodies  proceeded 
from  the  thicknefs  and  denilty  of  the  little  tran- 
fparent  plates  of  which  they  are  compofed.  To 
bring  this  opinion  nearer  to  certainty,  it  was  ne* 
ceflary  to  meafure  the  thicknefs  of  the  plate  of 
water  which  compofed  the  bubble,  but  this  was  a 
matter  of  great  difficulty,  as  the  bubble  was  of  it- 
feif  of  too  -tranfient  a  nature  to  undergo  the  nccef- 
fkry  experiments. 

Sir  Jfaac,  who  was  ever  fertile  in  expedients, 
fecoUe<fted  having  obferved,  that  as  two  prifms 
were  comprefTed  hard  together,  in  order  to  make 
their  fides  (which  happened  to  be  a  little  convex) 
touch  one  another,  they  were  both  as  perfedly 
iron/parent  in  the  place  of  contaift  as  if  they  had 
been  but  one  piece  of  glafs ;  but  than  round  the 
point  of  contadt,  where  the  glalTes  were  a  little 
feparated  from  each  other,  riiigi  of  differtnt  colours 
appeared. 

To  obfcrve  more  accurately  the  order  of  the  co- 
lours produced  in  this  mannerj  he  placed  a  glafs  tens,  . 

whpfe 
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whofe  convexity  was  very  fmall,  upon  a  plun  gU&. 
Now  it  is  evident,  that  phole  would  only  touch  tf 
one. particular  point;  and  therefore,  at  all  other 
places  between  the  adjacent  furfaces,  a  thin  plaxtt 
of  air  was  interpofed,  whofe  thicitoefs  incrcafed  in 
a  certain  ratio,  according  to  the  difiancc  from  diC 
point  of  conta<5t. 

He  prcfTed  thefe  glalTes  flowly  together,  by 
which  means  the  colours  very  foon  emerged,  an4 
appeared  diflindt  p  a  confiderable  diftance  ;  next 
to  the  pellucid  central  fpot  made  by  the  contadi  of 
the  glaiTes,  f^icceeded  blue,  yellow,  white,  yellow 
and  red.  The  blue  was  very  little  in  quantity, 
nor  could  he  difccrn  any  violet  in  it  j  but  the 
yellow  and  red  were  very  copious,  extending  abouc 
i^s  far  as  the  white,  and  four  or  live  times  as  far  as 
the  blue.  The  next  circuit  immediately  furround- 
ing  thefe  confilled  of  violet,  blue,  green,  yellow, 
and  red ;  all  fhefe  were  very  copious  except  the  . 
green,  which  was  very  little  in  quantity,  and 
feemed  more  faint  and  dilute  than  the  othe^  co- 
lours. The  third  circle  of  colours  was  purple, 
bluCj  green,  yellow,  and  red ;  in  this  the  purple 
was  more  reddiih  than  the  violet  in  the  former 
circuit,  and  the  green  was  more  confpicuous,  beii^ 
as  bright  and  copious  as  any  of  the  other  colours, 
except  the  yellow ;  the  red  was  alfo  fomewiiat 
faded.  The  fourth  circle  confiHed  of  green  and 
red ;  the  green  was  copious  and  lively,  inclining 
on  one  fide  to  blue,  on  the  other  to  yellow,  but. 
there  was  neither  violet,  blue,  nor  yellow  ;  and  the 
red  was  very  imperfeit  and  dirty.  Each  outer  cir- 
cuit or  ring  was  more  obfcure  than  thofc  within, 
like  the  circular  waves  upon  a  dilhirbed  fheet  d 
water,  till  they  at  lail  ended  in  perfect  whitenefs. 

As  the  colours  were  thus  found  to  vary  ac- 
cording to  the  different  diftance^  of  the  glala 
plates  from  each  other.  Sir  Ifaac  judged  that  they 
proQc^ded  £ram   the  different   tnidcnefs  of  the 

plate 
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plate  of  air,  intercepted  between  the  glafles ;  and 
that  this  plate  was  by  the  mere  circumftance  of 
thinnefs  or  thickncfs  difpofed  to  reflet  or  tranfmit 
this  or  that  particular  colour ;  from  whence  he 
concluded,  as  before  obfcrved,  that  the  colours  of 
all  natural  bodies  depended  on  their  component 
particles.  He  alfo  conftrudled  a  table,  wherein 
the  thicknefs  of  a  plate,  neceflary  to  refieft  any  par- 
ticular colour,  was  exprefled  in  parts  of  an  inch, 
divided  into  1,000,000  parts. 

The  appearance  of  thefc  circles^  when  the 
gUlTes  were  moft  comprefTed,  fo  as  to  make  the 
black  fpot  appear  in  the  center,  is  delineated  _fig.  15, 
fl.  7,  where  a,  b,  c,  d,  c  j  f,  g,  h,  i,  k  j  1,  m,  n,  o,  pj 
q,  r ;  s,  t ;  u,  X  {  y,  z,  denote  the  colours  reckoned 
in  order  from  the  center,  viz.  black,, blue,  green, 
yellow,  red,  purple, blue, green, yellow,  redj  green, 
red ;  greenifh  blue^  red ;  greenifti  blue,  reddifh 
white. 

I  have  already  pbferved  to  you,  that  the  thin 
plates,  made  ufe  of  in  the  former  experiments,  re- 
fleded  fome  kinds  of  rays  in  particular  parts,  and 
tranfmitted  others  in  the  fame  parts.  Hence  the 
coloured  rings  appeared  varioufly  difpofed,  ac- 
cording as  they  were  viewed  by  refleded  or  tranf- 
mitted light ;  that  is,  according  as  the  plates  were 
or  were  not  held  up  between  the  eye  and  the  win- 
dow. That  you  may  underftand  this  better,  here 
is  a  table,  on  one  lide  of  which  are  mentioned  the 
colours  appearing  on  the  plates  by  reflefted  light, 
and  on  the  other  thofe  which  were  perceived  wncn 
the  gfaffes  were  held  between  the  eye  and  the 
window.  The  center,  when  the  glaffes  were  xn 
full  contaft,  was  perfectly  tranfparent ;  this  fpot 
therefore,  when  viewed  by  refieiited  light,  ap- 
peared black,  becaufe  it  tranfmitted  all  the  rays ; 
and.  for  the  fame  reafon  it  appe^ired  white,  when 
viewed  by  tranfmitted  light, 
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Cfhuri  iy  refieHed  light.  Cohurshytrtm/vtittedligbt 
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In  comparing  the  rings  produced  by  tranf- 
mitt'ed  with  thofe  produced  by  refleflcd  light,  the 
white  was  found  oppofed  to  the  black,  the  red  to 
the  blue,  the  yellow  to  the  violet,  and  the  green  to 
a  colour  compofed  of  red  and  violet ;  in  other 
words,  the  parts  of  theglafs,  that  when  looked  at 
were  white,  appeared  black  on  looking  through  the 
glafs ;  and  on  the  contrary,  thofe  which  appeared 
black  in  the  firft  inftance,  appeared  white  in  the 
fecond;  and  fo  of  the  other  colours,  which  you  will 
more  readily  comprehend  by  conliderihg  this 
figure,  where  A  B,  CD,  fig,  17,  pL  7,  reprefent 
the  glalTes  which  touch  at  E;  the  black  lines 
ciaced  between  them  are  the  diftances  between  the 
two  furfaces.  atdiiFerent  diibtnces  from  the  center, 
each  diftance  anfwering  to  a  coloured  ring ;  the 
colours 
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colours  wriKcn  above  are  thofe  feen  by  refleded 
light  J  thofe  underneathj  are  the  colours  exhibited 
hy  tranfmitted  light.  Newtdh  h&s  ftiewn,  that 
mc  rays  of  any  particular  colour  are  difpofed 
to  be  refledled,  when  the  .thickncffes  of  the 
plate  of  air  are  as  the  inumbers  i,  3,  5,  7,  9,  ii* 
&c.  and  that  the  fatiie  rays  are  difpofed  to  be  - 
transmitted  at  the  intermediate  thickneffes,  which 
are  as  the  numbers  o,  1,  4,  6,  8.  10,  &c. 

The  places  of  reflection  or  tranfmiffion  of 
the  feveral  colours  in  a  feries,  arc  fo  neir  each 
other,  that  the  colours  dilute  each  other  by  mix- 
ture ;  whence  the  number  of  feries,  in  the  open 
day-light,  fcldohi  exceeds  7  or  8.  But  if  the  fyf- 
tern  be  viewed 'through  a  prifm,  by  which  nftans 
the  rings  of  various  colours  are  feparated^  accord- 
ing to  their  rcfrangibitity,  they  may  be  feen  on 
that  fide  towards  which  the  refradtion  is  made,  fo 
numerous  that  it  is  impoflible  to  count  them. 
Or,  if  in  a  dark  chamber  the  fun's  light  be  fe- 
parated  into  it's  original  rays,  by  a  prifm,  and  a 
ray  of  one  uncompounded  colour  be  received 
upon  the  two'glaffes,  the  number  of  circles  will 
become  very  numerous,  and  both  the  refleifted  and 
tranfmitted  light  will  remfUn  of  the  lame  co- 
lour as  the  original  incident  ray.  This  experiment 
ihews,  that  in  any  feries,  the  circles  formed  by  the 
lefs  refrangible  rays  exceed,  in  magnitude,  thofe 
•which  arc  formed  by  the  more  refrangihle ;  and, 
confequently,  that  in  any  feries,  the  more  refran- 
gible rays  are  rcficded  at  lefs  thicknefles  than 
thofe  which  are  lefs  refrangible. 

Water  applied  to  the  edges  of  the  glafs,  ia 
SttraAed  between  them ;  and,  filling  all  the  in- 
tercedent  fpace,  becomes  ,  a  thin  plate  of  the 
feme  dimenlions  as  that  which  before  was  con- 
ftituted  of  air:  in  this  cafe,  the  circular  rings 
grew  lefs,  and  the  coloure  were  fainter,  but 
4  _.    not 
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not  varied  in  fptfcies.  They  were  conttafted  in 
diameter,  nearly  in  proportion  of  7  to  8,  and 
confequently.  the  intervals  of  the  glalTes,  at  fimilar 
circles,  as  caufed  by  thefe  two  mediums,  are  tfi 
about  3  to  4 ;  that  is,  as  the  lines  of  rcfradiou 
out  of  water  int^o  air. 

I  have  already  mentioned  to  you  tfae  variety 
of  colours  produced  by  bubbles  blown  in  foap^ 
water :  but,  as  thefe  colours  are  commonly  too 
much  agitated  by  the  external  air  to  admit  of 
any  certain  obfervation,  it  is  necefTary  to  cover 
the  bubble  with  a  clear  glafs,*  in  which  fituation 
you  will  find  the  foUowmg  appearances  :  the  co' 
lours  emerge  from  the  top  of  the  bubble,  and 
as  it  grows  thinner,  by  the  fubfidcnce  of  the 
water,  they  dilate  into  rings  parallel  to  the  ho- 
rizon, which  defcend  flowly,  and  vanifli  fucceflively, 
at  the  bottom.'  This  .emergence  continues  tilt 
the  water  at  the  upper  part  of  the  bubble  be-  - 
comes  tod  thin  to  refleA  the  light,  ac  which 
time,  a  circle  of  an  intenfe  blacknefs  appears  ac 
the  top,  which  fiowly  dilates,  fometimes  to  three 
quarters  of  an  inch  in  breadth,  before  the  bubble 
breaks.  Reckoning  from  the  black  central  fpdt, 
the  refledcd  colours  are  the  fame,  in  fuccemon 
9Jid  quality,  as  thofe  produced  by  the  afore- 
mentioned plate  of  airj  and  the  appearance  of 
the  bubble,  if  viewed  by  tranfmitted  light,  is 
fimilar  to  that  of  the  plate  of  air,  in  like  circum- 
flances. 

Take  very  thin  plates  of  talc,  or  Mufcovy 
glafi,  that  exhibit  thefe  colours ;  then,  by  wetting 
the  plates,  the  colours. remain  as  before,  but  be- 
come more  faint  and  languid,  efpecially  when 
wetted  on  the  under  fide.-  So  that  the  thicknefs 
of  any  plate,  rcquifite   to  produce  any  colour, 

feems 
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feems  to  depend  onty  on  the  AenCity  of  the  plattf> 
not  on  the  denfity  of  the  inclofing  medium*  Bilt 
the  colours  are  more  vivid,  as  their  denficies  art 
diifefent. 

If  two  pieces  of  plate-glafs,  or  even  common 
glafs,  be  previoufly  wiped,  and  then  rubbed  to- 
gether, they  will  foon  adhere,  with  a  confidef- 
able  degree  of  force,  and  exhibit  various  ranges 
of  colours,  much  broader  than  thofe  obtained  ty 
lenfes.  One  of  the  mofl: remarkable  circumftances 
attending  this  method  of  making  the  experiment, 
is  the  facility  with  which  the  colours  may  be 
removed,  or  even  nude  to  difappear,  by  heats 
too  low  to  feparate  the  glafles.  A  touch  of  the 
finger  immediately  caules  the  irregular  rings  of 
colours  to  contract  towards  their  center,  in  the 
part  touched. 

Ftom  thefe  experiments  it  appears  plain, 
that  the  colours  of  bodies  depend,  m  fome  de- 
gree, upon  the  thicknefs  and  denfity  of  the  par- 
ticles that  compofe  them. 

Hence,  if  the  denfity,  or  fize  of  the  parti- 
cles, in  the  furface  of  a  body,  be  changed,  the 
colour  is  likewifc  changed. 

When  the  thicknefs  of  the  particles  of  a  body 
is  fuch,  that  one  fort  of  light,  or  one  fort  of 
colour,  is  refleifled;  another  light,  or  other  co- 
lours, will  be  tranfmiited  ;  and  therefore,  the  body 
will  appear  of  the  firft  colour. 

A  certain  determinate  thicknefs  feems  to  be 
neceflary  in  a  plate  of  water ;  for  example,  in 
order  to  refleA  a  particular  colour,  and  a  different 
thicknefs,  to  make  it  refled  any  other  colour : 
and,  in  general,  that  a  lefs  thicknefs  is  neceflary, 
to  refledt  the  molt  refrangible  rays,  as  violet  and 
indigo,  than  thofe  which  arc  leaft  refrangible,  as 
red  and  orange. 

The 
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The  particles  of  bodies  lefledt  fays  of  one 
colour,  and  cranfmit  thofe  of  another:  and  this 
is  the  ground  ofatl  their  colours. 

Of  the  transient  State  into  wntcH  A  Ray  of 
Light  la  put,  in  it's  Passage  through  any 

REFRACTING  SuRFACE,  WHICH,   IN  THE  PROGRESS 

OF  THE  Ray,   returns  at  k(u;Al  Intervals  ( 

AND  DISPOSES  THE  RaY,  AT  EVERY  ReTURN,  TO  ' 
BE  TRANSMlTtED,  AND  &ETWEEM  THE  ReTURNS^ 
TO  BE  REKtECTED  TO  IT. 

in  Order  to  accOilnt  for  the  intervals  of  the 
coloured  rings  in  thefe  thin  plates,  and  alfo  ail 
other  cafes  of  the  refleftion  or  tranfmiflion  Ol 
light.  Sir  Ifaac  Newton  advances  an  hypothefis ; 
tut,  like  a  wife  man,  and  cautious  philofopher, 
he  profelTes  not  to  lay  much  ftfcfs  upon  it,  though 
he  Teems  not  to  entertain  any  fufpicion  of  it's 
truth.  Indeed,  it  fecms  to  be  a  Icind  of  fair  in- 
ference from  the  preceding  experiments. 

The  hypothefis  is  this :  that  every  ray  of  light 
is,  at  it's  firft  ctninion  from  the  luminous  body, 
put  into  a  tratifttnt  ftate  or  conftiUit'ton^  which,  itt 
it's  progrefs,  returns  at  equal  intervals,  difpofing 
il,  at  every  -return,  to  be  eafily  tranfmitted  into 
any  rcfraifting  furface  it  may  meet  with  %  whereas 
in  the  intervals  between  thefe  returns,  it  is  dif- 
pofcd  to  be  eafily  refleded;  fo  that,  upon  the 
arrival  of  a  number"  of  rays  of  light  at  the  ft  r* 
lace  of  every  medium,  thofe  of  them  in  which 
they  were  difpofed  to  be  tranfmitred  eafily,  would 
pafs  the  interval  between  the  two  medium^ ;  and 
thofe  which  were  in  a  contrary  ftate,  would  be  re» 
flctaed  [  On  which  account,  fome  light  Ts  generally 
i^cfled,  and  fome  tranfmitted,  at  every  differcrrt 
furface  on  which  it  falls.  Thofe  Oates,  into  which 
the  rays  of  t%ht  are  put,  he  calls  ^tt  of  ifify  rf- 
fieaion  and  tranfmjBon, 
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This  hypoihefis  is  not  without  difficulticsy 
»nd  muft,  therefore,  be  received  with  caution 
as  it  was  propofed,  til)  it  (hall  be  cither  confirmed , 
or  confuted  by  experiment,  and  a  new  theory  fub- 
ftituted  in  it's  place. 

When  arrived,  as  it  were,  at  the  confines  of 
materia!  nature,  you  mufl  expedl  to  meet  with 
fome  confulion  and  darknefs  in  our  cxprsnatidns. 
There  are  barriers  to  our  knowredge,  which  cannot 
he  paflcd  by  any  force  of  human  facuttie?.  Sir 
Ifaac  Newton,  the  legiflator  of  philofophers,  ex- 
prelfed,  \indcr  the  form  of  conjectures  or  quef- 
lions,  thofe  things  which  he  was  unable  fatisfac- 
torily  to  rcfolvc;  avoiding  rafli  aflertions,  which 
are  Co  fondly  uken  up  by  thofe  who  wifli  to  fcducc 
mankind. 

He  conjedured,  that  thefe  fits  of  eafy  reflec- 
tion and  tranfmillion  may  be  occafioncd  by  the 
vibrations  of  a  fuhtil  fluid,  in  which  the  lay 
palTes ;  any  ray  being  difpofed  to  be  tranfmitted 
when  the  vibration  coincides  with  it,  and.  to  be 
reflc^cd  wben  it  is  thereby  counteradled. 

He  alfo  thought  that  thefe  vibFacions  might 
be  excited  by  the  mutual  adion  and  re-atSion  of 
light  of  bodies,  and  of  this  medium,  at  the  InAant 
fit  jcfradtion  and  refleiftion. 

Sir  Itaac,  therefore,  fuppofed  two  caufcs  of 
this  difpolition  to  be  rcfle(;ted  or  tranfmittedr 
.when  ray*  of  light  arrive  at  any  new  furface.  One 
of  ihem  is  the  tegular  vibration  of  the  ethcrial 
medium,  affecting  them  through  the  whole  of 
_their  progrcfs  from  the  luminous  body;  and  the 
.other  ihe  tremulous  motion,  or  irregular  vibra- 
tion %i  the  lame  medium,  at  the  furtaces  of  bodies, 
occafioned  by  the  ai^ioa  and  le-aiAion  between 
,thofe  bodies  and  light. 

.  *  -Thus,  as  Hones,  by  falling  into  water,  put  the 
watef  incb  an 'undulating  motion;  and  all  bodies, 
.■  .  by 

L,„,;,z...,  Google 


Or  FE[i.MAKENT  COLOURS*  4O3 

by  percufi^on,  excite  vibrations  in  the  air;  fo  the 
rays  of  light,  by  impinging  on  any  refracting  or 
refle<5ting  iurface,,  excite  vibrations  in  the  refra't- 
ing  or  reflcdling  medium,  and  by  exciting  thefe, 
agitate  the  foUd  pares  of  the  rcfrafJting  or  refled:- 
ing  body  J  and  that  the  vibrations  tnus  excited 
in  this  fubtil  refracting  or  refleding  medium 
are  propagated  much  after  the  manner  that  vi- 
brations are  propagated  in  the  alr>  caufing  found, 
and  movinz  fajier  than  the  rays,  fo  as  to  overtake 
them;  and  that  when  any  ray  is  in  that  part  of 
the  vibration  which  confpires  with  it's  motion, 
it  cafily  breaks  through  a  refratfUng  furface  j 
but  when  it  is  in  the  contrary  part  of  the  vibra- 
tion which  impedes  it's  motion,  it  is  eafily  re- 
fledled ;  qnd,  by  confcquence,  that  every  ray  is 
iucceflively  difpofed  to  be  eafily  refieded.  or  eafily 
tranfmitted  by  every  vibration  by  which  it  is  over- 
tolten. 

Op  th£  Permanent  Colours  of  Natural  Bo-  ' 

DIES,   AND  op  The  AnALOOY  between  them  AtJD 

THE  Colours  of  thin  Transparent  Plates. 

You  have  already  feen,  that  the  colours  of 
natural  bodies  confift  in  adifpofition  to  refled 
one  fort  of  rays  more  copiouOy  than  another ;  and 
that  other  bodies  are  of  a  diiFerent  colour,  be- 
caufc  they  refieit  rays  of  a  different  kind.  So 
that  if  light  confined  only  of  one  kind  of  rays, 
there  could  be  only  one  colour  in  the  world; 
nor  would  it  be  poffible,  by  refradions  and  re- 
flexions, to  produce  a  new  one.  Thus,  in  fome 
bodies,  all  the  rays  are  extinguifhed  but  th&  red- 
making,  and  when  they  are  refteded  to  our  ^ycs, 
they  excite  in  us  the  idea  of  red;  and  thence  we 
fay,  that  fuch  a  piece  of  cloth,  &c.  is  red;  at- 
tributing that  only  to  the  cloth  or  wood,  which 
D  d  2  more 
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more  particularly  arifcs  from  the  light  whicft 
dreflc*  them  in  ihcif  various  beauty.  Thus  the 
ruby  abforbs  the  green,  the  bhje,  and  the  vioici ;.  but 
refleAs  the  red-making  rays  to  our  eye,  with  all 
their  prifmacic  hiftre.  The  amethyft  imbibes  the 
ftrongcr  rays,  and  gives  back  the  viofctwish  milder 
brightnefs.  The  jonquil  gives  us  only  yellow, 
ancf  the  hyacimh  if  s  vivid  blue.  Every  coloured' 
objeiH:  may  be  thus,  regarded  as  a  partial  divider 
of  the  rays,  fcparating  one  or  more  CokJurs>  and, 
confounding  all  the  reft, 

Thofe  fuffitces  of  tranfparent  bodies^,  which 
have  the  greateft  refra<iling'  power,  refleft  the 
.  greateft"  quantity  of  light.  In  other  words,  bo- 
dies, by  which  the  light  is  more  refiraflcd,  da 
likewife  more  ftrongly  refleft  it,  Dramonds,  -  hich 
refrad  the  light  very  ftrongly,  give  it,  in  propor- 
tion, a  ftronger  rcfledtion ;  hence  proceed  the 
vivacity  ef  their  colours,  and  their  fparkling- 
Juftre. 

The  analogy  between  rcfra(fKoiT  and  reffcc-' 
tioA  will  appear,,  by  confidering  that  the  mofl 
rcfradive  medhim  totally  refleds  the  tays  of 
light,  at  certain  degrees  of  incidence.  But  the 
truth  of  the  propolicion  further  appears,  by  ob- 
ferving  the  tranfparent  bodies,  fuch  as-  air,  water,' 
oil,  graflr.  Idand  cryfta),  white  tranfparent  arfc-' 
nic,  and  diamond,  have  a  ftrongcr  or  weaker  rc- 
flc.5tion,  according  to  the  greater  or  lefs  refrac- 
tive powers  of  the  mediums  that  are  contiguous 
to  them.  Thus  Mthe  confine  of  air  and  fal  gem, 
it  is  ftronger  thdnat  the  confine  of  air  and  watery 
and  ftfll  ftronger  between  common  air  and  rfiafs; 
dill  nfore  fo  between  air  and  a  diamond.  If  any 
of  thefc  be  immerfcd  in  water,  it's  refledtion  be- 
comes weaker  than  before ;  and  it  is  weaker  ftill, 
»f  it  be  immerfcd  in  liquors  of  a  greater  refrac- 
tive power.    If  water  be  divided  mto  two  pahs, 
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Jiy  any  imaginary  furface,  there  is  no  reflcflion  at 
the  conBoes  of  tbofe  two  parts ;  and  for  the  fame 
reafon,  there  can  be  no  fenfible  refledion  in  the 
confine  of  -two  gUlTes  of  equal  denfity.  The  rea- 
lon,  therefore,  why  all  pellucid  mediums  have 
jio  fenfible  xeflcftion  but  at  their  external  furfaces, 
where  they  are  contiguous  to  mediums  of  dif- 
ferent denfities,  is,  that  their  contiguous  parts 
have  precifdy  the  fame  degj-ee  of  deafity, 

The  leaji  parts  of  all  bodies,  though  fcemingly 
■void  of  trtnlparency,  when  viewed  m  the  grofs, 
.will  be  foundj  if  taken  fcparatcly,  to  be,  in  fome 
(neafure>  transparent :  ana  the  opacity  arifcs  from 
the  multkudc  of  reHedtions  caufed  in  their  internal 
parts.  This  obfervation  wiU  be  eatUy  granted  b^ 
thofe  who  have  beoi  converfant  with  microfcopes  ; 
for  there  they  arc  foimd  to  be.  for  the  moft  part, 
tranfparent.  Nothing  feems  more  opake,  and  free 
from  trajBljf}ai<eacy,  than  the  cloaths  you  wear. 
Yet'  let  us  only  examine  one  of  the  woo31ea  hairs 
that  go  into  it's  compofitioR*  with  a  microfcope, 
and  you  wiU  find  it  to  be  nearly  cranfparent.  Gold, 
in  the  mafs,  Jets  no  light  .pali  through  k ;  but  if 
beaten  out  extremely  thixi,  we  Jhall  then  fee  that 
it's  parts  are  tranfparent,  like  other  bodies.  If 
held  over  a  hole,  in  a  darkened  window,  it  will 
appear  of  a  greenifh  hvie.  If  gold  be  compofed 
■of  tranfparcnt  parts,  we  may  furely  conclude  the 
fame  of  other  bodies  :  and,  indeed,  you  will  find 
very  few  which,  if  reduced  to  fufficient  thinned, 
and  applied  to  the  hole,  but  what  arc  manifefily 
tranfparcnt. 

Since  light  finds  a  free  paflage  throu^  the 
leaft  particles,  wc  arc  to  inquire  what  renders  them 
opakc ;  and  this,  by  Sir  Ifaac  Newton,  Is  attri- 
buted to  the  multitude  of  rcfle(a:ions  and  refrac- 
tions which  take  place  in  it's  interior  parts  J  there 
beyig,  between  the  parts  of  opake  or  coloured 
D  d  J  bodies. 
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bodies,  a  number  of  fpaces,  filled  with  mediums" 
of  a  different  denfity  from  that  of  the  body,  as 
water  between  the  tinging  corpufcles  with  which 
any  liquor  is  impregnated  ;  air  between  the  aquc-» 
ous  globules  that  conftitute  clouds  and  mifts,  &c. 
Thefe  fpaces  cannot  be  traverfed  by  light,  without 
rcfrading  or  reflecting  it  Jn  various  ways,  by 
which  it  is  prevented  from  paffing  on  in  a  ftrait 
line,  T^hich  it  would  do  if  the  parts  were  con- 
tinuous, without  any  fuch  interftices  betwccii 
them ;  for  you  have  already  learned,  (hat  reflec- 
tions are  only  made  at  the  fuperficies  of  mediumi 
of  diiferent  denfities.  The  opacity  of  bodies 
trifes,  therefore,  from  the  difcontinuity  of  it's 
particles,  and  the  different  denfity  of  the  iptcrveUT 
ing  mediums,  and  their  particles. 

This  notion  of  opacity  is  greatly  confirmed 
by  confidcring,  that  opake  bodies  become  tranf- 
parent  by  filling  up  the  pores  with  any  fubftancc 
of  nearly  the  fame  denfity  with  their  parts.  Thy* 
when  paper  is  wet  with  oil  or  water,  or  when 
linen  cloth  is  dipped  in  water,  oiled,  or  varnifhed, 
or  the  oculus  mundi  fteeped  in  water,  &c.  they 
become  more  tranfparent  than  they  were  before : 
as  filling  the  pores  of  an  opake  body  makes  it 
tranfparent,  fo,  on  the  other  hand,  evacuating  the 
pores  of  a  tranfparent  body,  or  feparating  it's 
mrts,  renders  it  opake  j  as  falts,  or  wet  paper, 
by  being  dried;,  horn,  by  being  fcrapcd  ;  glafs, 
by  being  reduced  to  powder,  or  other^vife  flawed  j 
turpentine,  by  being  ftirred  about  with  water,  till 
they  mix  imperfeftly;  and  water,  by  being  formed 
into  many  fmall  bubbles,  either  in  the  form  of 
froth,  or,  by.  fhaking  it  together  with  oil  of  tur- 
pentine, or  fome  other  convenient  jiquor,  with 
which  it  will  not  incorporate. 

Hence,  then,  it  is  in  homi^neity  you  are  to 
feck  for  the  caufc  of  tranfparency.     If  there  he 
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nuiny  pores  in  a  body,  and  thefe  be  filled  with-a 
matter  difTcring  louch  in  dentity  from  the  body' 
itCtW,  the  lifi;ht  wiJl  meet  with' a  thoufand  refrac> 
tions  and  reflexions  in  the  internal  psuis,  and  will 
thus  be  utterly  extinguifhed. 

The  parts  of  bodies,  and  their  interflkefi. 
mun;  not  be  lefs  than  fome  dtHniie  ilze«  to  be- 
come opak«  and  cirioured.  ^ 

For  the  moft  opake  bodies,  if  their  parts  be 
fufficiently  divided,  as  metals,  by  being  diffolvcd 
in  acid  mcnftrua,  Hcc.  becoioe  perfectly  tranf- 
parent.  And  you  may  remember,  that  the  black 
ipot,  near  the  point  of  conta<!t  of  the  two  plates 
of  glafs,  tranfmitted  the  whole  light  where  the 
gtalTes  did  not  abfoltitely  touch;  and  the  reflection 
at  the  thinneft  pan  of  the  foap  was  fo  infenlible  ' 
.a?  to  make  that  part  appear  intenfely  blacky  by 
the  want  of  rcfle(3ed  light. 

On  thefc  grounds  it  is,  that  water,  fait,  glafs, 
Aones,  &c.  arc  tranfparent,  for,  from  many  con- 
fiderations,  they  fccm  to  be  as  full  of  pores  as 
ether  bodies  are,  yet  their  particles  and  pores 
are  too  fmall  to  caufe  rcfleiilion  in  their  common 
Surfaces. 

The  tranfparent  parts  of  bodies,  according 
to  their  feveral  iizcs,  muft  refletS:  rays  of  one  co- 
lour, and  tranfmit  thofe  of  others,  on  the  fame 
principles  that  thin  plates  or  bubbles  do  refled  or 
tranfmit  thefe  rays;  and  this  fecms  to  be  the  ground 
ufall  their  colours. 

That  they  do  fo.  is  plain  from  various  obfer- 
vations ;  and  it  is  on  thefe  principles  you  may 
explain  the  variety  of  colours  feen  in  fome  filks, 
on  pigeons*  necks,  peacocks'  tails,  and  the  fea- 
thers of  other  finely  coloured  birds.  If  you  fix 
your  eye  upon  a  pigeon's  neck,  and  both  be 
kept  at  reft,  only  one  colour  is  obfervable;  but 
i?  eithpr  ijiovcs,  cfpecially  tlie  latter,  a  dilTcrent 
P  d  4.  colour 
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eolour  may  be  fe«n.  Shidy  filks  are  woven,  with 
threids  of  different  colours  ;  one  arranged  longi- 
tudinally, the  other  tranfverfdy;  and  as  the  greater 
Or  lefs  proportion  of  cither  of  thefe  appears,  fo 
one  or  the  other  of  the  colours  will  prevail.  Wet 
thefe  double  coloured  objcrts.  dip  the  variegated 
feather  in  water,  orthc  changeable  filk  in- oil,  their 
lefledlions  will  be  Icfs  vivid,  and  ihey  will  return 
but  one  uniform  (hade  of  colouring.  The  fkin  of 
the  camclion  is  tranfparent,  it's  ground  being  be- 
tween a  pale  red  and  yellow,  coloured  with  a  number 
of  fmall,  fmooth  protuberances  of  cold,  bluiih 
colour.  It  is  endowed  with  a  faculty  of  blowing 
up  or  contracting  it's  Ikin  at  will.  This  caufea 
the  difti;rent  colours,  in  appearance^  to  vary :  it, 
therefore,  fometimes  appears  reddilh,  at  others, 
blue  :  the  yellow  rays  of  the  ground,  occafionally 
mixing  with  the  blue  of  the  protuberances,  pro- 
duces the  idea  of  green ;  and  when,  placed  on  a  red 
or  ytllow  fubftance^  it's  natural  colours  are  un* 
avoidably  heightened. 

It  is  evident,  from  various  phenomena,  that 
a  great  proportion  of  the  fainter  coloured  ray« 
are  flopped  in  their  paflage  through  the  atmo* 
fphere,  and  are  thence  reflefied  upon  other  bodies; 
while  the  red  and  orange  rays  are  tranfmittcd  to 
greater  diftances.  This  circumftance  explain  the 
blue  (hadows  of  bodies,  the  blue  colour  of  the 
fl(y>  and  the  red  colour  of  the  clouds,  when  tho 
fun  is  near  the  hori2on. 

At  certain  times,  when  the  Iky  U  clear  and 
fercnc,  in  the  piorning  and  the  evening,  the  Iha- 
dows  caft  from  opake  bodies  have  been  obferved 
to  be  tinged  with  blue  and  green.  This  circum- 
ftance naturally  rcfults  from  the  minute  particles 
of  the  atmofphcre  refleAing  the  delicate  and  nioft 
Refrangible  rays,  the  blue  and  violet,  for  inftancei 
which  occafions  a  predominance  T)f  thijf?  colours, 
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The  blue  colour  of  the  Iky  is  ftccounted  for 
on  the  fame  principles  j  namely,  the  copidus  re- 
floftion  of  the  blue  rays,  by  the  atmofphere,  which 
produces  the  effe^^  of  an  arch  of  thgt  colour,  all 
around  us.  This  is  occafionally  divcrfificd  by  the 
vapours'  greater  denfity,  which  refleift  the  ftronger 
rays. 

The  coloured  clouds,  'in  particular,  which  ap- 
pear towards  the  morning  and  evening,  when  the 
,fun  is  in  or  near  the  horizon,  arc  to  be  attri- 
buted to  the  fame  caufe.  The  rays  of  light  tra- 
verfmg  a  vaft  extent  of  aimofphere ,-  the  fainter 
and  more  delicate  rays,  as  the  blue,  and  violet,  are 
detached  by  repeated  refledions  of  the  atmofphe- 
ric  particles  1  and  the  ftronger  rays,  as  the  red, 
the  orange,  &c.  are  permitted  to  proceed,  and 
reach  the  clouds,  from  whence  they  arc  reflecJled. 
Agreeable  to  this  theory,  you  may  obferve,  that 
the  fun's  horizontal  light  is  fometimes  fo  deeply 
timflured  with  the  red,  that  objeds  tlhiminated 
by  it  frequently  appear  of  a  bright  orange,  and 
even  red.  It  is  obfcrvable,  that  the  clouds  do 
Dot,  in  common,  affume  their  brighter  dyes  till 
the  fun  is  fome  minutes  fet,  and  that  they  pafs 
from  yellow  to  a  flaming  gold  colour;  and  thence, 
by  degrees,  to  red,  which  becomes  deeper  and 
deeper,  till  the  fun  leaves  them  altogether,  till  at 
ler^th  the  difappearance  of  the  fun  leaves  then* 
of  a  leaden  hue,  by  the  refleiSion  of  the  blue 
light  from  the  air.  A  fimilar  change  of  colour 
is  obferved  on  the  fnowy  tops  of  the  Alps;  and  the 
fame  may  be  fecn,though  lefs  ftrongly.on  the  eaftem 
4nd  weftem  fronts  of  white  buildings:  St.  PauP'S 
church,  London,  is  a  pood  objeft  of  this  kind, 
juid  is  often,  at  fun-fct,  tinged  with  a  confidcr- 
»blc  degree  of  redncfs.  What  makes  the  fame 
colours  more  rich  and  copious  in  the  clouds,  is' 
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their  femi-rranfptrency,  joined  with  the  obliquity 
«f  their  fituation. 

It  is  probably  the  fame  coloured  light,  which 
t>eing  thrown,  by  the  refraction  of  the  atmofpherc, 
into  the  ftiadow  of  the  earth,  fometimes  gives 
the  moon,  in  a  total  eclipfe,  tlie  obfcure,  reddilh 
colour  of  brick.  For  the  fame  rcafon,  the  colour 
of  the  moon  wilt  vary  in  eclipfes,  according  to 
the  extent  of  the  ainiofphcre  thii  rays  have  to 
traverft. 

Mr.  Delaval's  Account    of    the    Permanent 
Colours  of  Opake  Bodies. 

I  (hould  leave  this  fubjeft  very  incomplete,  if 
I  did  not  give  you  fome  account  of  the  ingenious 
cbfcrvations  of  Mr.  Delaval,  extra(9ed  from  a. 
paper  communicMed  by  him  to  the  Literary  and 
Philofophical  Society  of  Manchcfter,  and  publiftied 
in  the  fecond  volume  of  their  memoirs.* 

Mr.  Delaval  was  led  to  this  fubjcft,  from  a 
perfualion  of  it's  uliHty  to  thofe  intercfting  and 
elegant  arts,  tthofcobjcAis  the. preparation  and 
ufe  of  colouring  fubftanccs;  juftly  obfcirving,  that 
our  views  of  experimental  philofophy  (hould  not 
he  confined  to  theory  alone,  but  directed  alfo  to 
it's  pradlical  application. 

I'or,  in  proportion  as  the  principles  of  any 
fcience  are  unknow  n  or  mifconccived,  the  advance- 
ment of  the  arts,  and  rranufa<3urcs  which  depend 
oi  them,  muft,  of  courfe,  be  impeded  j  for, 
without  thofe  guides,  neither  much  addition,  nor 
■any  improvement,  is  to  be  expctfled.  But  when 
Itiennnc  principles  are  difcloied  to  the  artift,  he 

is 

*  There  is  anoiKr  work  of  Mr.  DcUval,  writlen  previCM^ 
tn  ihis  p*pcr,  u  hi(.)i  it  wrll  worth  ihe  iradet's  aiieniion :  it  ii 
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Is  ■  enabled  to  draw,  from  tholc  original  fource^ 
an  ample  ftore  of  ufeful  inventions,  by  which 
thi*  art  is  enriched ;  and  thus,  the  fpeculative 
fciences,  by  their  extenfion  to  pradlical  purpofes, 
become  obje<fts  of  great  public  utility. 

The  arts  of  colour-making  and  dyeing  were, 
in  very  remote  ages,  carried  to  the  height  of  perfec- 
tion, in  the  countries  of  Phcenicia,  Egypt,  Paleftine,  . 
India,  &c.  The  inhabitants  of  thofe  countries  ex- 
celled, alfo,  in  the  art  of  imitating  gems,  and 
tinging  glafs  and  enamel  of  various  colours. 
The  colours  ufed  in  very  ancient  paintings,  were 
as  various  as  thofe  now  in  ufe,  and  greatly  fupe- 
Tior  both  in  beauty  and  durability.  The  paints 
ufcd  by  Apelles  were  fo  bright,  that  he  was  obliged 
to  glaze  his  pidures  with  a  dark  colourtd  varnifh, 
left  the  eye  fliould  be  offended  by  their  brightnefs : 
and  even  thefe  were  inferior  to  what  had  been  ufed 
among  the  ancient  Egyptians.  Nocwithftanding 
this  perfeiflion  in  dyeing  and  colours,  we  find  the 
Grecians  and  Romans  continually  degrading  the 
ufeful  arts.  You  may  confider  this  as  one  of  the 
moft  ftriking  charaders  that  diftinguJlh  the  phi- 
lofophy  of  the  ancients  fxom  that  of  the  moderns. 
The  andenis  being  chiefly  engaged  in  fpeculations, 
that  might  procure  them  refpetft,  and  attrad:  ap- 
plaufe,  thought  the  ufeful  arts  unworthy  their  at- 
tention: whereas  the  »7(7</<rr«j  have  cultivated  and 
promoted  the  ufeful  arts ;  and  we  find,  the  Aca- 
demy of  Sciences  of  Paris,  attempting  to  Ihcd 
the  light  of  fcience  upon  the  arts,  by  publifliing  a 
defcriptton  of  them,  grounded  on  the  elevated-, 
idea,  that  the  induftry  of  a  nation  cannot  fail  to 
be  enlightened  and  increafed  by  a  free  communi- 
cation of  all  the  proceffes  it  ufes ;  and  that  the 
facrifices  it  makes,  by  this  publicity,  will  ever  be 
^mply  compcnfated  by  the  advantages  it  procures.* 

But 
*  Bcnhullel'i  Elementc  of  Dyeing.  _ 
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But  why  need  we  go  to  acadcmksj  when  wc  have 
a  fairer  and  better  example  in  our  Lord  and  Sa- 
viour ?  an  example  which  Ihould  teach  yoii  to 
avoid  the  philofophical  pride  of  the  gentile,  and 
the  pharifaical  Jdf-Juficiency  of  the  modern  iiu 
lidcl.  Of  OUT  Saviowr  wc  read,  that  having  in- 
creafed  in  wifdom,  he  went  about  doing  good. 
His  icarning.produced  not  a  morofc  felf-comi^a- 
ccncy,  bat  a  lovely  affability,  and  a  dciire  to  teach 
othcr,s  the  glad  tidings  of  joy.  The  rreafures  of 
wifdom  were   not,  fuficred  to  ruft  and  canker, 

,  locked  up  from  the  public  by  a  fuperciHous  rc- 
fervednefs ;  but  out  of  them  he  continually  dif- 
perfcd  abroad,  and  gave  to  the  poor  in  fpit-it. 
The  fun,  at  it's  riling,  found  him  engaged  in  thia 
great  work :  and  after  it  was  fet,  his  time  was  en- 
gaged in  praying  for  thoTc  whom  his  days  were  em- 
ployed  in 'teaching. 

The  changes  of  colour,  in  permanently  co- 
loured bodies,  are  produced  by  the  fame  laws 
U'hich  take  place  in  tranfparent  colourlefs  fut>- 
ftances;  and  the  experiments,  by  which  they  can 
-be  inveftigared,  confift  of  various-methods  of  unit- 
ing, the  colouring  particles  into  larger,  or  dividing 
,chem  into  fmalkr  maffes. 

Sir  I.  Newton  made  his  experiments  chiefly 
on  tranfparent  fubftanccs ;  and  in  the  few  places 
where  he  treats  of  others,  acknowledges  his  defi- 
ciency of  experiments.  He  makes  the  following 
remark  on  thofc  bodies  which  reflect  one 
kind     of   light,    and     tranfmit     another;    vii. 

V'  that  if  thcfe  glaffes  or  liquors  were  io  thick 
"  and  malfy,  that  no  light  could  get  through 
"  them,  he  qucftions  whether  they  would  not, 
*'  like  other  opake  bodies,  appear  of  one  and 
"  the  fame  colour,  in  ail  poticions  of  the  eye, 
"  though  he  could  not  yet  affirm  if  from  cx- 
"  pcrience."  It  was  an  opinion  of  this  great 
philofo- 
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pTiilofopher,  that  alt  coloured  matter  rcRc&i  the 
rays  of  light;  fome  refle<5ting  copioully  the  more, 
others  the  Icfs  refrangible  raya.  He  was,  like-, 
wife,  of  opinion,  that  opiike  bodies  rcflcA  the 
light  from  their  anterior  furface,  by  Tome  power 
of  the  body,  evenly  diffufed  over,  and  external 
to  it.  With  refpecl  to  tranfparent  coloured  li- 
quors, he  fays,  that  a  tranfparent  body,  which 
looks  of  any  colour  by  tranfmitted  light,  inay 
alfo  look  of  the  fitne  colour  by  receded  light  t 
the  light  of  that  colour  being  refleiled  by  the 
farther  furface  of  that  body,  or  by  the  air  beyond. 
it;  and  then  the  refle<fted  colour  wilt  be  dimi-. 
nifhed,  and  perhaps  ceafc,  by  making  the  body^ 
very  thick,  and  pitching  it  on  the  back  fide,  to 
dimlnifli  the  refleilions  of  it's  farthcf  furface, 
fo  that  the  light  reflected  from  the  tinging  par-, 
tides  may  predominate.  In  fuch  cafe,  ttie  re-, 
fledlcd  tight  will  be  apt  to  vary  from  that  whicli 
was  tranfraitted. 

To  inveftigate  the  truth  of  thefe  opinions* 
Mr.  Delaval  entered  upon  a  courfe  of.  expe- 
riments, with  tranfparent  coloured  liquors  and 
glaflcs,  as  well  as  withopakc  and  femi-tranfparent 
fubibmccB.  From  thefe  he  found,  that  in  tranf-, 
parent  coloured  fubflances,  the  colouring  matter, 
dvej  /tot  refied  any  light ;  and  when,  by  ifttefFcpf- 
ing  the  light  which  was  tranfmttted,  it  is  hin-. 
dcrcd  from  paifing  through  fuch  fubftances,  they^- 
do  not  vary  from  their  former  colour  to  any, 
oth^r,  iut  become  entirely  Hack.  ■ 

As  this  incapacity  of  the  c(^ourtng  partictet- 
of  tranfparent  bodies  to  refledt  light,  was  deduced 
from  very  numerous  experiments,  it  may  be  con- 
fidcrad  as  a  general  law.  It  will  appear  the  niore 
cKtenfivc,  if  you  conlider  that,  for  the  moft  part,, 
the  tinging  particles. of  iraafparent  fubftances^ 
are  extracted  from  opake  bodies  ;  thai  the  ojxake^ 

bodies 
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bodies  owe  their  colour  to  thefe  particles,  as  wel( 
as  the  tranfparent  ;  and  that  by  the  lofs  of  them 
they  are  deprived  of  their  colours. 

For  making  his  experiments,  Mr.  Delaval  ufed 
fmall  vials  of  flint-glafs,  fimilar  to  that  in  my 
hand;  the  form  is  that  of  a  paralleiopiped,  the 
height  exclufive  of  the  neck  is  about  2  inches,  the 
bafc  about  an  inch  fquare,  the  neck  2  inches  long. 
The  bottom  and  three  fides  of  each  of  thefe  vials 
was  covered  with  a  black  varniHi;  the  cylindrical 
neck,  and  the  anterior  fide,  except  at  the  edges, 
being  left  uncovered.  He  was  careful  lo  avoid  any 
crevices  in  the  varntfh,  that  no  light  might  be  ad- 
mitted, except  through  'the  neck  or  anterior  fide  of 
the  vials. 

The  vials  fhould  be  perfeiftly  clean,  and  thofe 
liquors  that  depofit  a  fediment  fhould  not  be  put 
into  the  vials,  but  at  the  time  when  the  experi- 
ments are  to  be  made.  The  uncovered  fide  of  the 
vials  ibould  not  be  placed  oppofite  to  the  window 
where  the  light  is  admitted,  becaufe  in  that  iitua- 
tionthe  light  would  be  refleflcd  from  the  farthcft 
fide  of  the  vial ;  fmooth  black  fubftancea,  refleti- 
ing  light  powerfully,  are  beft  fituatcd  when  the 
uncovered  fide  forms  a  right  angle  with  the  win- 
dow. 

Taking  all  thefe  precautions,  he  viewed  a  great . 
number  of  folutions  both  of  coloured  metallic  fait, 
and  of  the  tinging  matter  of  vegetables,  obferving 
that  the  colour  by  reflection  vas  black,  whatever 
it  might  be  when  viewed  by  tranfmicted  light.  If 
thefe  colours  were,  however,  fprcad  thin  upon  a 
white  ground,  they  appear  of  the  fame  colour  a» 
when  viewed  by  tranfmitted  light ;  but  on  a  black 
'  vreund  they  a&rd  no  colour,  unlefs  the  black  body 
be  polilhed,  in  which  cafe  the  refiedion  of  light 
through  it  produces  the  fame  ejfei^  as  tranf- 
miflioa. 

The 
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The  experiments  made  with  coloured  glaffcsr* 
Were  in  many  refpeds  atialagous  to  thofe  with  tran-i 
fparent  coloured  liquors.  For  thefe  he  made  feveral- 
parcels  of  colourlefs  glafs,  compofed  of  borax  and 
white  (and.  The  glafs  was  reduced  to  powder,  and; 
afterwards  ground  together  with  the  ingredients, 
by  which  the  colour  was  to  be  imparted  ;  a  me- 
thod he  found  preferable  to  the  ufual  mode  of 
tinging  glafles,  as  they  became  little  inferior  in 
luftre  tp  real  gems. 

The  refult  of  all  his  experiments  wzs,  that 
vhen  matter  is  of  fuch  thinnefs,  and  tlie  tinge  fo 
dilute,  that  light  can  be  tranfmittcd  through  it, 
the  glafles  then  appear  vividly  coloured  ;  but  when, 
ihey  are  in  large  mafres,and  the  tinging  matter  ia 
more  denfely  diffufed  through  them,  they  appear 
black,  for  thcfe  as  well  as  the  traafparent  liquors 
ihew  their  colour  only  by  tranfmiflion. 

Having  in  this  manner  fornwd  pieces  of  fuch 
glafs,  two  inches  thick,  he  inctofed  them  in  black 
cloth  on  all  fides,  except  their  anterior  and  farther 
fiirfaces.  Ia  this  lituation  each  of  them  Ihewed  a 
vivid  colour  when  light  was  tranfmitted  through 
them,  but  when  the  pofterior  furface  was  likewife 
covered  with  the  cloth  to  prevent  the  tranfmilHoQ,: 
no  other  colour  but  black  was  exhibited. 

From  thefe  phenomena  he  drew  the  foUowii^ 
iiifereiices  : 

I.  That  tht  cohttring pariicles  da  mt  refien an* 
light. 

a,  Thai  a  medium,  Jucb  as  is  defcrihed  hy  Sir 
I,  Newton,  is  diffufed  over  both  the  anterior  and  foj- 
tericr  Jurfaees  of  the  plates,  tabereby  oije£is  are 
tqually  and  regularly  rejiefled  as  by  a  mirror. 

Our  author  next  conflders  the  colouring  par- 
ticles themfelvcs,  pure  and  unmixed  with  othei 
media.  To  procure  maflcs  made  up  of  fuch  parti- 
cles, feveral  tranfparent  coloured  liquors  >\'ere  re* 

duccd 
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duced  to  t  folid  coiriiftence  by  evaporation ;  by 
employing  a  gentle  heat  the  colouring  matter  will 
ndt  be  injured}  and  nuy  have  it's  particles  again 
feparated  by  water  or  other  fluids,  and  tinging  them 
as  before.  In  this  {Vate  aifo  the  colouring  particles 
refled  no  light,  and  therefore  appear  uniformly 
black,  whatever  be  the  fubfta'nce  from  which  they 
may  have  been  extradled. 

He  endeavours  to  prove  by  experiments  on 
the  colouring  particles  of  opake  bodies,  that  thefe 
colours  are  produced  on  the  above-mentioned 
principles  ;  that  they  feem  black  when  very  denfe, 
but  fliew  t^cir  proper  tinge  vrkcn  fpread  thin  upon 
a  white  ground. 

*  The  green  of  grafs,  and  leaTcs  of  plants  being 
obtained  by  digeftmg  them  in  retftified  fpirits  of 
wine,  and  placed  in  one  of  the  above-mentioned 
vials,  the  part  in  the  neck  tranfmittcd  the  vivid 
green,  but  that  contiguous  to  the  uncovered  fide 
of  the  vial  was  black. 

After  the  colour  had  been  totally  extradled,' 
the  leaves  remained  apparently  unaltered  as  to 
figure  or  texture,  but  were  entirely  white,  or  of  a 
white  tinged  with  brown ;  red,  blue,  and  purple 
flowers  were  alfo  digefted  with  fpirits  of  wine,  all 
of  which  yielded  their  colouring  matter  to-  the 
^irit,  and  became  white  when  deprived  of  it. 
From  mod  of  chcfe  flowers  the  fpirir,  however, 
either  acquired  no'  tinge  at  all,  or  only  a  very  faint 
one  ;  but  when  acidulated  it  became  red,  and  by 
the  addition  of  an  alkali  became  blue,  purple,  or 
green,  according  to  the  quantity  of  the  alkali  asid 
the  nature  of  the  infufion.  In  thefe  itates  all  of 
them,  when  viewed  by  tranfmittcd  light,  or  poured 
opon  a  white  paper,  fhewed  their  colours,  but  uni^ 
vcrfally  appeared  black  by  refledion.  Other  ex-  . 
periments  were  tried  with  other  flowers,  but  the 
£nal  rcfult  was  the  fame,  »0  colour  h  refieSiion.  ■ 

White 
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White  paper,  linen,  &c.  may  be  tinged  of  any 
of  thefe  colours,  bydippingthetn  in  the  infufions ; 
and  the  confideration  of  the  manner  in  which  thrf 
colours  are  imparted  to  linen,  affords  rtiuch  mfight 
into  the  manner  in  which  natural  colours  arff 
produced.  It  has  been  already  obferved,  that 
when  the  colouring  matter  of  plants  is  cxtraAcd 
from  them,  the  folid  fibrous  parts,  thus  divefted 
of  their  covering,  difplay  their  natural  tohitenefs. 
White  linen,  paper,  &c.  are  formed  of  fuch  fibrous 
vegetable  matter,  which  is  bleached  by  diffblving 
and  detaching  the  heterogeneous  colouring  parti- 
clcs ;  when  thefe  theKfore  are  dyed  or  painted 
with  vegetable  colours,  (t  is  evident  that  they  do 
not  differ  in  their  manner  of  aifting  on  the  rays  of  ' 
light  from  natural  vegetable  bodies ;  both  yield 
their  colours  by  tranfmitting  through  the  tranfpa- 
rent  coloured  matter  the  light  which  is  reflcorcd 
from  the  white  ground. 

This  •s)hite  matter  ever  cxifts  without  any  con- 
fiderable  mixture  in  plants  while  they  are  in  a 
ftate  of  vegetation,  as  cotton,  white  flowers,  the 
pith,  wood,  feeds,  roots,  and  other  parts  of  feveral 
kinds  of  vegetables.  When  decayed  leaves  of  trees 
have  been  long  expofed  to  the  atmofphere,  their  co- 
loured juices  arc  fometimes  fo  pcrfc(Sly  extradted 
that  their  fibres  appear  white, 

Mr.  Dclaval  has  rendered  afhes  intenfely  white, 
by  carefully  calcining  them,  and  afterwards  grind-* 
ing  with  a  fmall  proportion  of  nitre,  and  expoflng 
them  to  fuch  a  degree  of  heat  as  would  caufe  the 
nitre  to  deflagrate  with  the  remaining  quantity  of 
phlogifton.  Laftly,  the  afhcs  were  dip-efted  with 
the  marine  acid,  rn  order  to  dlffolve  the  ferrugi- 
nous matter, diffufed  through  them,  and  repeat" 
edly  waftiing  the  remainder  in  water- 
Hence  It  would  appear,  that  the  earth  which 
forms  the  fub(btnce  of  plants  is  white,  and  fepara- 
VoL.  11.  £  e  ble 
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ble  from  that  fubfhmce  which  gives  to  each  it's 
peculiar  colour;  that  whenever  it  is  pure  and  un- 
mixed, or  diffufed  through  colourlefs  media,  it 
Ihews  it's  native  whitencfs,  andis  the^  only  vege- 
table matter  endowed  with  a  native  whitenefs. 
This  white  matter  may  he  difcovered  by  other 
means  befides  burning )  thus  rofes  may  be  whitened 
by  expofing  them  to  burning  fulphur,  and  the 
colour  may  be  again  reftored  by  the  addititm  of  an 
acid  either  mineral  or  vegetable. 

Thus  it  appears  that  the  colouring  matter  of 
the  flowers  is  not  dtfchaived  or  removed,  but  only 
diflblved  by  the  phIog^fToii>  and  thereby  divided 
into  particles  too  minute  to  exhibit  any  colour. 
In  this  ftate,  together  with  the  vegetable  juice  in 
which  they  are  diffufed^  they  form  a  colourlefs 
tranfparent  covering,  through  which  the  white 
matter  of  the  flowers  is  feen  untii^ed.  The  co- 
louring matter  of  plants  confifts,  according  to  Mr. 
Delaval,  principally  of  inflammable  matter,  and 
their  folubility  in  and  union  with  phlogiilon. 

Colour  is  defiroyti  by  the  rays  of  the  fun.  Thus 
dyed  filk  and  other  fublbinccs  of  that  kind,  when 
expofed  to  the  fun's  tight,  are  deprived  of  th^ir  co- 
lour in  every  part  on  which  the  rays  are  allowed  to 
atfl;  whiift  ihofe  prefervc  their  colours  which  are 
defended  from  the  light.  The  colours,  thus  im- 
paired, may  be  rellored,  if  acids  are  employed 
while  theinjury  is  recent. 

In  a  word,  all  Mr.  Delaval's  experiments  ftiew, 
that  the  colouring  matter  of  plants  does  not  exhibit 
any  colour  by  reftcdion,  but  by  tranfmiflion  only ; 
that  their  folid  earthy  fubftance  is  a  white  matter, 
and  that  it  is  this  part  that  has  the  property  of 
reflcdion ;  that  the  colours  of  vegetables  are  pro- 
duced by  the  light  refleded  from  this  white,  and 
tranfmitted  from  thence  through  the  coloured 
coat  or  covering  which  is  formed  on  it's  furface 
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by  the  colouring  particles  j  that  whenever  the  co- 
louring matter  is  either  difchai^cii  or  divided  by 
fotution  into  particles  too  minute  to  exhibit  any 
colour,  the  folid  earthy  fubftance  is  cxpofed  to 
view,  and  difplays  that  whitcnefs  which  is  it's 
diftingui(hing  charadleriftic. 

Mr.  Delaval  having  fettled  this  point,  next 
proceeded  to  examine  the  coloured  parts  of  animal 
fubftances,  and  found  them  exadiy  fimilar  with 
regard  to  the  manner  in  which  the  colour  was 
produced,  to  the  vegetable  fubftances  already 
treated  of.  The  tijiiflures  and  infulions  of  cochi- 
neal and  kermes  yield  their  colours  when  light  is 
tranfmitted  through  them,  but  Jhew  none  by  re- 
fledion:  on  diluting  frefh  ox-gall  with  water,  and 
examining  it  in  the  above-mentioned  phials,  the 
part  of  it  viewed  by  tranfmitted  light  was  yellow  ; 
but  the  anterior  furface  in  the  lower  part  of  the 
phial  was  black,  and  refledicd  no  coJouf,  Flefli 
aerives  it's  colour  entirely  from  the  blood,  and  when 
deprived  of  it  the  fibres  and  veflels  arc  perfedly 
white ;  as  are  likcwife  the  membranes,  fincws,  and 
bones,  when  freed  from  their  aqueous  and  volatile 
parts.  The  florid  red  colour  of  the  flilh  arifcs 
from  the  light  which  is  rcfletfted  from  the  white 
fibrous  fubftance,  anil  tranfmitted  back  through 
the  red  tranfparent  covering,  formed  by  the  blood 
on  every  part. 

In  like  manner  the  red  colour  of  the  Ihells  of 
l6bflers  after  boiling,  is  no  more  than  a  mere  fupem 
ficial  covering,  fpread  over  the  white  calcarcojl 
earth  of  which  the  (hells  are  compofed,  and  nj^ 
be  removed  from  the  furface  by  fcraping'or  filing. 
Before  the  application  of  heat  this  fuperficia^  co- 
vering is  much  denfer,  infomuch  that  in  fome 
parts  of  the  (hell  it  appears  quite  black,  being  too 
thick  to  admit  the  paflage  of  the  light  to  th<  Ihell 
and  back-again :  but  where  this  tranfparent  blue 
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colour  of  the  unboiled  lobftcr  is  thinner,  it  con- 
ftantly  appears  like  a  blue  filnu  In  like  manner 
the  colours  of  the  eggs  of  certain  birds  are  entirely- 
fuperficial,  and  may  be  fcrapcd  off,  leaving  the 
white  calcareous  earth  cxpofed  to  view. 

The  cafe  is  the  fame  with  feathers,  which  owe 
their  colours  entireiy  to  a  very  thin  layer  of  fome 
iranfparcnt  matter  upon  a  white  ground ;  this  was 
afcertained  by  fcraping  off  the  fuperficial  colours 
from  certain  feathers,  which  were  ftrong  enough 
to  bear  the  operation,,  and  which,  feparatcd  the  co- 
'  loured  layers  from  the  white  ground  on  which  they 
fiave  been  naturally  fpread.  The  lateral  fibres 
cannot  have  their  colours  feparatcd  in  this  manner; 
but  their  texture,  when  viewed  by  a  microfcope, 
feems  to  indicate  that  their  colours  are  produced 
on  them  by  no  other  means  than  thofe  already  re- 
lated. In  a  word,  he  found  that  in  all  the  animal 
fubjedls  he  examined,  the  colours  were  produced 
by  the  tranfmiflion  of  light  from  a  white  ground 
through  a  tranfparent  coloured  medium. 

The  coloured  fubftances  of  the  mineral  king- 
dom 4rc  very  numerous,  and  belong  principally  to 
two  clalTes,  earths  and  metals  ;  the  former,  when 
pure,  are  all  white,  and  their  colour  arifcs  from 
phlogiftic  or  metallic  mixtmjes.  Calcareous  earths. 
When  indurated,  conflitute  marble,  and  may  be 
tinged  with  various  colours  by  means  of  mctailic 
folutions,  all  which  are  fimitar  In  their  nature  to 
jbe  dyes  put  upon  filk,  cotton,  or  linen,  and  inva- 
riably proceed  from  the  fame  caufe,  the  tranfmif- 
iion  of  light  through  a  very  thin  and  tranlparcnt 
iwdium.  Flints  are  formed  from  filiceous  earths, 
and  owe  their  colour  to  the  flate  of  fire  within 
them;  when  fufficicntly  heated,  they  are  rendered 
white  by  the  lofs  of  the  inBammablc  matter  which 
produced  their  colour ;  when  impregnated  with 
metak,  -they  £xm  agates,  cornelians,  jafper,  and 
coloured 
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coloured  cryftals.  The  coloured  gemsalfo  receive 
their  different  hues  from  metals,  and  may  be  imi- 
tated by  gla0es  tinged  with  fuch  inflammable  or 
metallic  matter  as  entered  into  the  original  fub-i 
fiances,  all  exhibiting  their  various  tints  in  the 
fame  manlier,  by  the  tranfmilHon  of  light  from  a 
refletflcd  white  ground. 

Evefl  the  colours  of  metals,  according  to  Mr. 
D-  arc  produced  in  the  fame  manner.  Gold  exhi- 
bits a  white  light  tinged  with  yellow ;  this  is 
grounded  on  an  experiment  of  Sir  I.  Neiiyton,  who 
lays,  that  gold  in  a  white  light  appears  of  the  fame 
colouf  as  in  the  day-light,  tut  that  on  intercept- 
ing a  due  quantity  6f  yellow-making  rays,  it  will 
appear  white  likefilver,  which  ftiews  that  it's  ycl- 
lownefs  arifes  from  an  cxcefs  of  the  intercepted 
rays,  tinging  that  whitenefs  with  their  colour  when 
they  are  let  pafs. 

A  folution  of  filvcr  is  pellucid  and  colourlefs; 
a  folution  of  gold  tranfmits  yellow,  but  rcfledts  no 
colour.  This  metal,  when  united  to  glafs,  yields 
no  colour  by  rc6ed:ion,  but  only  by  tranfmiilion. 
All  thefe  circumftances  feem  to  indicate,  that 
the  yellow  colour  of  gold  arifes  from  a  yellow 
transparent  matter,  which  is  a  conftituent  part  of 
that  metal,  and  that  is  equally  mixed  with  the 
white  particles  of  the  gold,  and  tranfmits  the  light 
refledlcd  by  them ;  in  like  manner  as  when  filvcr  is 
gilt,  or  foils  are  made  by  covering  white  metala 
with  tranfparent  colours."  But  thele  faditious  cot 
verings  are  only  fupcrficial,  whereas  the  yellow 
matter  of  gold  is  diffufed  throughout  the  whole 
fubftance  of  the  meta],  and  appears  to  envelppe 
and  cover  each  of  the  white  particles ;  the  yellow 
matter  bears  to  the  white  about  the  fame  propotr 
tion  that  the  yellow-making  rays,  which  were  in- 
tercepted, bear  to  all  the, other  r^ys  comprifcd 
ifl  the  white  Jig^t  pf  (he  fun, 

Ec  3  Sir 
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Kr  Ifaac  Newton  has  fliewn,  that  when  the 
fpaccs  or  interfticcs  of  bodies  are  repleniflied  with 
mediaof  different  denlities,  the  bodies  are  opaka 
that  t^iofe  fuperficies  of  traAfparent  bodicG  refle& 
the  greateft  miantity  of  light,  Which  incerocde 
media,  tiiar  diner  mod  in  their  refradhvedeBfitieB; 
and  that  the  refle<flion  of  chin  tranfparrAt  iiib- 
ftancn  are  conlklerabl)'  ftronger  than  thofe  made 
bjr  the  fame  fubftaaccs  of  a  greater  thicfcBcJs. 
Hence  the  minute  portion  of  air,  ^r  of  the  rarer 
medium,  which  occupies  the  pores  or  intcrfHces  of 
doiie  bodies,  is  a  minute  white  fubftance.  This 
is  manifeft  in  the  whitenefs  o(  froth,  and  of  all 
pellucid  colourlefs  fubftances,'fuch  as  glaft,  ciyflal, 
or  falu  reduced  to  powder,  or  otherwife  flawed ;  for 
in  all  thefe  inftances  a  white  light  is  refie&ed  from 
the  air  or  rarer  medium,  which  intercede  the  par- 
ticles of  the  denfcr  fubftance,  whofe  inoermcea 
they  occupy. 

Hence  alfo  we  fee  why  white  opake  fubftances 
are  rendered  pellucid  by  being  reduced  to  uniform 
mafles,  whofe  component  parts  are  .every  whera 
nearly  of  the  fame  denlity ;  for  as  all  pellucid  fulv* 
ftances  are  rendered  c^ake  and  white  by  the  ad- 
mixture of  pellucid  colourlefs  media,  of  cwifide- 
rably  different  densities,  they  are  again  deprived 
of  their  ojMcity,  bycxtraAing  thcfc  media,  which 
keep  their  particles  at  a  diftance  from  each  other  : 
thus  froth  or  fnow,  when  refolved  into  water,  lofe 
their  whitenefs,  and  alTume  their  former  pellucid 
appearance.  In  like  manner  the  opdce  white 
earths  are  by  proper  fluxes  reduced  to  pellucid  co- 
lourlefs glafs  ;  becaufe  all  reflefiions  are  made  at 
the  furfaces  of  bodies  differing  in  denHty  from  th« 
ambient  medium,  and  in  the  confines  of  egualljr 
denfe  media  there  is  no  reflexion. 

As  the  calces  o(  metal  are  capable  of  refled- 
ing  their  colours  by  the  interventicm  of  air.  To, 

when 
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when  mixed  with  oil  in^kingpftiMs/tlttyalwit)* 
alllime  a  darker  colour^  becaule  the  excefs  of  the 
denlity  of  oil  over  air  forms  a  fenlible  difference, 
when  comparatively  confidcred  with  refped  to  the 
IpeciBc  gravity  of  the  rarer  metals.  From  thii 
caufe  perceptibly  Icfs  light  is  refled:ed  from  th« 
ntoleculz  of  oil  than  from  th<^  «f  air,  and  coofe- 
quentiy  the  mafs  appears  darker.  The  cafe  ii 
however  diflrrenc  with  fuch  paints  as  are  formed 
of  the  dcnfer  metals,  as  vermillicMi,  minium^  &c; 
for  though  oil  differs  very  coniiderabiy  from  air  in 
it's  fpecific  denfity,  yet  it  alfo  differs  very  much 
in  this  refpedt  from  the  deafer  metallic  powders  £ 
and  the  moleculs  of  oil,  which  divide  iheir  paru« 
c!es,  ad  upon  the  light  fo  ilrongly,  that  the  reflec- 
tion of  light  occalioned  by  them  cannot  be  dtftin- 
guifhed  from  thofe  which  arc  caufed  by  rai«r 
media.  Hence,  when  we  mix  vermillion  or  mi- 
nium with  oil,  the  colour  is  not  fenlibly  ahered. 

All  the  earths,  which  in  their  natural  ffate  are 
of  a  pure  white,  conftitute  tranfparent  colourleA 
media  when  vitrified  with  proper  fluxes,  or  when 
diflbtved  tn  colourlefs  menftruaj  and  the  faliM 
jnafles,  obtainable  froai  their  folutions,  are  train- 
■fparent  and  colourlefs,  while  they  retain  the  water 
which  is  neceffary  to  theircryllallization,  and  are 
not  flawed  or  reduced  to  powder :  but  after  their 
pdres  and  interftices  are  opened  in-  fuch  a  manneir 
as  to  idmit  the  air,  they  become  white  and  opake 
by  the  admittance  of  that  rare  medium.  The 
earthy  particles,  which  form  the  folid  parts  of 
bodies,  generally  exceed  each  other  indenfity;  con- 
fequently  thcfc  particles,  when  contiguous  to  tht 
rare  media  already  mentioned,  muft  refleft  the  rays 
of  light  with  a  force  proportionate  to  their  den- 
iity.  The  refledtive  power  of  bodies  does  not  de- 
pend merely  upon  their  excefs  of  deiUity,  but  upon 
their  difTerencc  of^denfi^  with  rcfpeStto  che-nir- 
£  c  4  rounding 
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Touading  media.  Truifparent  colourlefs  particle^ 
whofc  denlicy  is  greatly  inferior  to  thar  of  the 
.  media  they  come  between,  alfo  powerfully  refleft 
all  forts  of  rays,  and  thereby  become  white;  of  this 
kind  are  the  air,  or  other  rare  fluids,  which  occupy 
the  interstices  of  liquors,  and  in  general  of  all 
denfer  media,  wiicrc  fuch  rare  particles  are  ad- 
mitted. 

Hence  we  may  conclude,  that  white  opakc 
bodies  are  conftituted  by  the  union  or  contiguity 
pf  two  or  more  tranfparent  colourlefs  media,  dif- 
fering confidcrably  from  each  other  in  their  rc- 
Pedtive  powers.  Of  thcfe  fubftances  we  have 
Cjtamples  in  frothy  emulfions,  or  other  impcrfedt 
combinations  of  pellucid  liquors,  as  milk,  fnow.cal- 
cined  or  pulverized  falts,  glafs  or  cryftal  reduced 
■  (o  powder,  white  earths,  paper,  linen,  and  even 
thofe  metals  which  are  called  white  by  mineralo- 
gies: forthofe  metals  do  not  appear  white  unlefs 
their  furf^ces  be  rough  ;  ^s  in  that  cafe  only  there 
are  iaterftices  on  their  furface  futficient  to  admit 
the  air,  and  thus  make  a  rcflciftion  of  a  w}iite  and 
vivid  light. 

The  polilhed  furfaces  of  metaliic  mirrors  rcr 
^ei^  the  incident  r^ys  equably  and  regularly  ac- 
cording to  their  fpveral  angles  of  incidence,  fo  that 
the  reflected  rays  do  noi  interfere  with  each  other, 
tut  remain  feparate  and  unmixed,  and  therefore 
dillindly  exhibit  their  fevera}  colours.  Hence  it 
js  f  vjdent,  that  white  fuffaces  cannot  ^d  upon  the 
light  ^s  mirrors,  becaufe  all  the  rays  which  are  re- 
Bcded  from  them  are  blended  it)  a  difqrderly  and 
promifcjjous  manner. 

Thii  foregoing  phenomena  give  us  fome  in- 
iight  ifitp  the  nature  and  caufe  of  opacity,  as  they 
clearly  ftiew,  that  even  the  rareft  tranfparent  co- 
lourlefs fijbftances,  when  their  furfaces  are  adja-- 
f  j:nt  t<f  fn.cdia  diiTering  greatly  from  tbem  in 
rcfraflivc 
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rcfreftive  power,  may  thereby  acquire  a  perfo^ 
opacity,  and  may  afTume  a  hue  and  refplendence 
iimilar  to  chat  of  white  metals;  that  the  rarer 
pellucid  fubftanccs  cannot  by  the  fight  be  diftin- 
'  ffuilhed  from  the  denfe  opake  metals ;  and  this 
nmilarity  to  the  furface  of  metals  not  only  occurs, 
when  from  the  roughnefs  of  their  furfaces  they  re-, 
femble  poliflied  metals  in  whitencfs,  but  alfo  when 
from  their  fmoothnefs  they  refemble  the  poliihed 
furface  of  metals. 

Metals  feem  to  confill  entirely  of  tranfparent 
matter>  and  to  derive  their  apparent  opacity  and 
luftre  folely  from  the  copious  rcBedion  of  light 
from  their  furfaces.  The  anal<^  between  metal^ 
and  tranfparent  media,  as  far  as  concerns  their  op- 
tical properties,  wilt  appear  to  you  from  the  fol- 
lowing conliderations  :  i.  All  metals  dilfolved  in 
their  proper  menftnia  are  tranfparent.  3.  By  the 
union  of  two  or  more  tranfparent  media,  fubftanccs 
are  conftituted  which  are  fimilar  to  metals  in  their 
opacity  and  luftre,  as  plumbago  and  marcaOtes. 
3.  The  tranfparent  fubftances  of  metals,  as  well 
as  thofe  of  minerals,  by  their  union  with  inflam- 
mable matter,  acquire  the  ftrong  refledive  powers  ' 
from  which  their  luftre  and  opacity  arife.  4.  The 
furfaces  of  pellucid  media,  fuch  as  glafs  or  water, 
affume  a  metallic  appearance,  when-  by  their 
fmoothnefs,  difference  of  denfity  with  refpe^t  to 
the  contiguous  inedia,  or  any  other,  they  are  dif- 
pofed  copioufly  to  refied  the  light.* 

From  thefc  confiderations  it  is  evident,  that 
opake  fubftances  are  conftitutcd  by  the  union  or 
contiguity  of  tranfparent  colourlefs  media,  difFer- 
it^  from  one  another  in  their  refieclive  powers ; 
and  that  when  the  common  furface,  which  comes 
betweeQ  fuch  media,  is  j^ane,  equal,  and  fmooth. 


*  For  further  pirttculan,  Ac.  &c.  fee  Mi.  Delitval's  pa,:>er, 
f*  Meinoin  of  the  Mancltefter  Society,"  vol,  a, 
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it  rtfteiSi  the  incident  rays  cqnafly  and  regularlj- 
«  a  mirror;  but  when'  their  furface  is  rough  and 
unequal,  or  dividoi  into  minute  particles,  it  re- 
■fleAi  the  incident  rays  irregularly  and  promif- 
'ciwufly  in  different  dir«4ftions,  and  confcquently 
ttppears  white. 

"VWrcn  the  interftitial  -vacoities  of  bodies  are 
To  difpofed,  that  the  Irght  can  prefcrve  it's  rcfti- 
?inear  conrfe  through  them,  fuch  bodies  appear  lu- 
minous throughout,  and  are  vifibte  in  their  internal 
lubAance ;  but  iw)ien  their  conftitution  is  fuch  as 
•will  not  dlov  a  free  pafTage  to  the  lights  rtiey  are 
then  \ifiblc  only  by  thofe  rays  wliich  arc  refleifted 
from  their  furfacc,  and  their  intemal  furface  is 
cold  and  dark. 

from  various  rcmfidcrations  it  appears,  that 
the  chemical  properties  of  bodies  have  a  confide-. 
■fable  influence  on  their  colour;  for,  doubtlefs,  a 
force  which  -aifts  powerfully  in  refraifling  the  rays,  ' 
moft  likewife  influence  their  refieftion  ;  and  it  is 
•hardly  to  be  doubted  bnt  that  the  afliop  of  fire  has 
a  ctinfidcrable  fharc  in  the  produtftion  of  colours  j 
indeed  it's  ftrarc  in  the  operations  of  iwture  is  fo 
'conliderabie,  that  it  would  be  ftrange  jf  it  Ihould 
%ie  excluded  from  this  more  curious  part. 

By  Comparing  the  rcfraftivepower  of  different 
bodies,  NiwTON  found  that  inflammable  fiibftances 
pofiefs  it  in  a  much  greater  degree  than  fuch  as  are 
tiot  infllammablc.  From  his  obfervations  on  this 
fubjed,  he  drew  the  wonderful  concluQon»*  that 
the  diamtntd  contained  a  Iarg«  quantity  of  infam-  __. 
Viable  matter ;  that  tvaitr  was  an  intermediate  fub- 
Itancc  between  inflammable  and  uninflammable 
bodies,  and  that  it  fupplied  vegetables  with  the 
inflammable  principle;  which  truths  have  been 
feen  and  demonftrated  only  in  the  prcfcnt  day. 

Bodies. 

*  Beilholtet'*  Art  of  Dyeing,  p.  <. 
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Bodies^  not  tranfparent  in  tlieir  ordinary  ftate, 
may  be  rendered  fo  either  by  rtkung  their  parts 
with  heat,  fo  that  the  light  may  pals  through  them 
more  eafily,  or  by  giving  fome  new  diretftion,  toge- 
ther with  an  additional  forccj  to  the  matter  oflight. 
Mr.  Hawkfbtc  was  very  much  furprifed  to  find, 
chat  the  fealing-wax,  and  the  pitch,  within  fide  a 
glafd  globe,  became  fo  tranfparent  when  the  gUft 
was  whirled  about  and  rubbed  with  the  hand,  thac 
the  fingers  might  be  plairtly  feer\  on  the  other  fid? 
through  Che  coating.  Ojl  is  condenfed,  when  cold, 
into  a  fof t  of  globules  impervious  to  the  light ;  but 
Vhen  thefe  globules  are  diHblved,  and  opened  by 
the  action  of  fire,  the  oil  not  only  becomes  t'raii- 

-  fparent,  but  appears  as  brigh^  and  fliining  as  if  the 
light  v/ere  a  natural  part  of  it'«  fubftance. 

Many  heterogeneous  fluids  grow  dark  and  mud- 
dy with  cold,  but  may  foon  be  clarified  agiin  by 
the  amplication  of  a  moderate  heat:  red-port  wine 
is  fometimes  as  foul  as  if  brick-duft  was  mixed 
with  it,  but  will  foon  become  bright  ^nd  clear  be- 
fore the  lire. 

The  quality  of  tranfparency  it  given,  by  a  Wife 
ordination  of  Providence,  to  the  fluid  fublbmcc  of 
water,  which  is  fo  necelTary  to  the  life  of  all  ani- 
mals. Tranfparency  renders  glafs  mofl  valuable ; 
the  value  of  gold  is  arbitrary,  buc  the  worth  of 
^laf$  is  incrinlic  ;  is's  cleanlinefs  and  tranfparency 
recommend  it  to  our  ufe  for  the  common  purpofea 
of  life,  and  render  vifiblc  the  mod  curious  and 
fUbtil  proceflcs  <rf  chcmiftry  and  philofophy  :  in 

*  optics,  it  affifh  the  aged,  and  gives  to  man  an  infight 
iato  the  wonders  of  creation.  * 

*  Jooe&'s  PhyriqlogUal  DiTc^uiglioti^  p.  86. 
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LECTURE    XXI 

Of  Phosphoric  Bodies. 


THE  more  the  nature  of  light  is  inveftigatcd, 
the  more  it's  relation  to  fire  is  difcovered  ; 
many  proofs  of  this  you  have  already  feen,  many 
more  will  occur  in  treating  of  phofphoric  bodies. 
As  1  have  already  ftiewn  you,  that  fire  is  received 
■and  retained  in  bodies  under  the  form  of  beati  I 
have  now  to  Hiew  you,  that  it  is  alfo  retained  in  moft 
fubftances  under  the  form  of  Ifgbi. 

By  phofphorua  we  in  general  mean  thofc  fub- 
ftances which  fhine  in  the  dark,  without  emitting 
heat.  Phofphorus  is  divided  into  feveral  kinds, 
known  by  the  names  of  the  Bohgnian  phofphorus, 
Mr.  Canton's  phofphorus,  Baldwin's  phofphorus, 
phofphorus  of  urine,  &c.  Sic.  Befidcs  thefe,  it 
has  been  found  that  the  far  greater  part  of  terref- 
trial  bodies,  upon  being  expofed  to  the  light,  will 
appear  luminous  in  the  dark.  This  circumftance 
,  has  occafioned  fome  writers  to  divide  the  phof- 
phori  into  two  clafies,  namely,  fuch  as  require  fo 
be  expofed  to  the  light  either  of  the  fun  or  fome 
artificial  fire,  before  they  become  luminous  i  and 
fuch  as  do  not.  Of  the  firft  kind  are  the  Bolog- 
nian  phofphorus,  Mr.  Canton's  phofphorus,  the 
phofphorus  from  earths,  ^c. ;  of  the  latfcr  kind 
are  rotten  wood,  the  Ikins  of  fifties,  and  the  phof- 
phorus of  urine.  Thetc  is  another  clafs  which 
becomes  Juminous  by  friftion  or  vibration,  as  fu- 
gar,  and  the  folution  of  phofpftorus  in  fpirits  of 
■wine. 

It  has  been  faid,  "  that  philofophy  was  never 
f^  under 
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"  under  more  obligation  to  what  is  called  cbancct 
"  than  with  refpedt  to  the  difcovery  of  the  pro- 
"  pcrty  of  imbibing  of  light,  which  was  once 
"  thought  to  be  peculiar  to  a  certain  foflii  in  the 
"  neighbourhood  of  Bologna,  but  is  now  found  in 
"  many  other  fubftanccs.  Not  only  was  ?^Jinglt  and 
"  leading  fa<ft,  but  a  •whole  Jeries  of  fa^  the  refult 
"  of  cafuai  obfervation."  You  are,  I  hope,  better 
learned,  and  will  enter  your  protefl  againft  this 
opinion;  for  you  know  that  fuch  an  opinion,  if 
embraced,  would  deprive  you  of  that  facisfatfcion 
of  mind  which  arifes  from  a  Hirong  and  well- 
grounded  apprehenlion  of  a  Divine  Providence,  and 
of  your  being  cohftantly  under  a  gracious  protec- 
tion that  will  gjuard  you  from  every  evil  unproduc- 
tive of  greater  advant^e.  It  is  indeed  the  main 
bafis  of  prudence  and  benevolence,  as  it  enfures  to 
you,  that  whatever  you  do  well  fhall  be  attended 
with  fuccefs  cither  at  prefent  or  in  futurity,  and 
thus  making  the  good  of  your  fellow-creatures  your 
own  higheft  intercft.  As  this  opinion  is  thus  dan- 
gerous, it  can  be  no  improper  digreflion  to  confider 
It  more  attentively,  and  the  more  fo  as  you  will 
find  another  writer,  to  whom  I  fhall  have  occafioti 
to  refer  you  on  the  fubjed'  of  phofphorus,  ac- 
knowledging that  it  was  accident  which  lifted  up 
the  veil  of  nature  to  him,  and  attributing  to  the 
fame  blind  caufe  the  greateft  difcovcriea  that  have 
been  made  by  others. 

In  common  difcourfe  we  often  indeed  fpeak 
of  chance  01  fortune,  as  a  power  influencing  the  af- 
fairs of  men,  and  having  a  principal  fhare  in  the 
direction  of  all  events;  as  frequently  baffling  the 
fkiU  of  the  wife,  the  valour  of  the  brave,  and  the 
llrcngthof  the  mighty;  as  turning  the  fcale  of  vic- 
tory, and  determining  the  fuccefs  of  all  enter- 
prizes.  But  if  you  examine  the  idea  of  chance 
.  pbilofophically,  you  will  fee  that  it  is  neither  agent 
3  nor 
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nop  power,  nor  has  any  ot^r  exift«ace  except  iff 
our-  owjt  fgnoranee  i  for  whatever  is  afcribed  to' 
chance  or  fortune,  we  ihould  fee  performed  by 
other  caufes,  if  we  had  fagacity  to  difcern  them. 

Chance  i»  m  ctmfe  oi  ^tvj  thing,  and  ferves  only 
tky  exprels  our  igxarance  qy  uncertainty  of  the  man- 
ner in  which  other  caufes  operate ;  and  in  this 
fenfe  n»ay  be  applied  to  the  moft  cogent  necefl5ty 
or  Aioft  deliberate  defign^  where  we  know  not  tho 
cendency  of  the  one>  nor-  the  piirpofe  ainicd  at  by 
the  other.  What  is  efteemed  more  cafuat  than 
weather  ?  Yet  nobody  doubts  of  the  air  being 
moved,  the  vapours  rarified,  and  the  clouds  cmf 
denfed,  according  to  a  certain  impulfb  received 
from  mechanical  caufes ;  but  becaufc  no  mathema* 
tician  npr  nacuralift  can  inveftigate  thofe  caufes  fo 
as  to  calculate  what  they  will  produce,  we  (ay,  the 
£irmer  depends  upon  chance  to  bring  his  com  to 
maturity,  and  give  him  a  favourable  feafcxi  for 
his  harveft :  yet  if  wc  were  acquainted  with  tlw 
refpefftive  qualities,  and  exaift  pr<^)Oitions,  of  the 
caufes  from  whence  they  proceed,  we  might  cal- 
culate the  variations  of  the  weather,  as- well  as  we 
now  do  the  changes  and  eclipfes  of  the  moom 
S)>  that  an  event,  happening  by  chance,  does 
not.  elude  the  operations  of  necelTary  caufes,  nor 
the  adtft  of  free  agents,  nsr  the  provifions  of 
wi&lom;  for  the  effedh  of  all  three  will  appear 
cafual  when  we  cannot  forefee  them.  And  when 
if  is  faid  any  thing  is  difcovered  by  chance,  or  that 
liprtune  has  had  fuch  an  influence  upon  our  af^rs, 
no  more  fiiould  be  underfliood  by  thefc  exprefltons', 
than,  that  wc  are  ignorant  of  the  caufes  atfling 
tiround  us,  and  affedting  the  fucccfs  of  our  mea- 
fures.  Before  accident  takes  place  in  ihofe  events 
where  our  agency  has  no  ctmcem,  there  muft  have 
/been  natural  caufes  in  motion  previous  to  any 
thing  thus  appearing  to  fall  out  accidentally  among 
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diem :  and  it  is  only^  our  ignorance,  o£  their  coiicuri> 
rence  and  powers  that  gives  chance  a  title  to  tho 
production. 

Inventions,  as  we  have  on  a  fiarmer  occafion 
obferved;  may  appear  accidental,  and  fo  indeed 
they  are  with  refped  to  us,  for  no  man  could  hava 
feenbcfoce  hand  the  day  when  they  wouLdhappeAi 
but  accidents  arife  from,  certain  cauies  lying  in 
train  to  produce  them ;  wheot  and  in  what  mannes 
they  fliall  come  to  pa&,  muft  be  referred  xo  the 
DISPOSER  of  all  events.  It  is  frequent  in  philoib- 
phical  difquilUions,  that  the  &me  inquiry  produces 
very  dilferent  difcoveries.  The  attention  paid  Go 
the  immediate  objed  of  invefligation  does  not  Ihut 
the  eye  of  the  obferver  againfl;  any  thing  elfe  thax 
may  offer  ;  and  the  ftate  into  which  the  fubjed:  of 
examination  is  put,  in  order,  to  favour  an-expeded 
event,  often  gives  origin- to  another  not.  leisinte- 
reftiiw. 

Nature  is  nothing  more  than  a  conveyancer, ' 
whofe  channels  we  can  in  fome  meafure  trace, 
conducting  adivity  from  one  fubAance  to-another-, 
and  chance  grows  like  an  excrefcenc^  from  the 
iituation,  the  circumftances>  or  mutual  concurrence 
of  other  caufcs.  We  have  no  experience  of,  any 
thing  that  can  ad  otherwife  than  by  tninfmitting 
an  operation  already  begun.  Volition  is  the  only 
power,  we  know  of,  that  is  capable  of  beginning 
an  adion,  or  giving  an  impulfe  it  did  not  firft  re* 
ceive.  And  whoever  fuppofes  a  fubftaoco  iovos- 
luntarily  felf-moving,  or  caufing  a  new  impulfe 
not  in  being  before,  builds-  upon  a  mere  hypo^efis; 
without  any  fad,  within  the  compa&  of  his  obfcr- 
vation,  to  fupport  it;  whereas,  he  who  holds  the. 
contrary,  does  it  becaufe  experience  ofhi»  own  ac- 
tions teaches  him  that  he  begins  them  himfelf^  but 
Uuu  every  thing  acting  involuntarily  proceeds  in 
4  Miother 
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another  manner,  only  carrying  on  an  opcraticm 
begun  by  fomc  other  agent. 

Our  views  of  providence  muft  be  partial  and 
imperfed:  at  beft,  wherefore  much  of  the  wiltlom 
of  God  will  appear  foolifhnefs  to  man ;  and  Co  doea 
wifiiom  always  appear  to  fuch  as  have  not  capacity 
to  difcern  the  juftnefs  of  her  meafures.  nor  the 
ends  for  which  they  were  purfued  :  but  the  more 
attentively  you  obferve  the  luminous  tra<!ls,  you 
will  find  them  fpreading  further  and  further  into 
the  dark,  and  exceptionable,  and  they  will  open 
before  you  an  ample  field  for  contemplation.  For 
you  will  difcover  wheel  within  wheel,  be  able  to 
trace  the  connetSion  between  many  of  them,  dif- 
cern their  exat^  adjuflment  to  each  other,  and 
perceive' one  adapted  to  anTwer  various  purpofes, 
till  at  laft  you  will  be  ready  to  believe  with  Plato, 
that  the  whole  world  is  a  tifllie  of  caufes  and  ef- 
feifts,  wherein  nearly  or  remotely  every  thing  has 
an  influence  upon  the  reft.  From  hence  we  may 
conclude,  not  only  that  the  young  ravens  are  fed, 
and  the  lilies  of  the  field  arrayed  in  the  glory  of 
Solomon  by  the  divine  provifion ;  but  that  of  two 
fparrows  which  are  fold  for  a  farthing,  not  one  of 
ineq^  falleth  to  the  ground ;  not  a  hair  is  loA  of 
the  number  upon  our  heads;  not  an  atom  flin 
without  the  permillion  of  our  heavemly  father. 

Thus  alio  God  has  been  pleafed  by  a  long  and 
extraordinary  feries  of  events,  continuing  from  the 
infancy  of  mankind,  to  nourilh  up  a  religion 
whereby  purer  fentiments  of  himfclf,  and  a  more 
extenfive  charity,  may  be  introduced  among  the 
vulgar;  and  has  in  his  wifdom  raifed  up  two  tree^ 
fbilo/opby  and  religion,  from  little  feeds,  and  by 
flow  and  fuccefllve  gradations,  whofe  influence 
when  mutual  continually  tends  to  purify  and  me- 
liorate mankind,  but  when  fet  at  too  great  a.dif< 
tancc  from  each  other,  philofophy  becomes  a  vain 
babbler, 

L,.,:....,C00'ilc 


Of  Phosphoric  Bodiei.  '    433 

babbler,  and  religion  a  fuperftitious  enchantrefs. 
When  properly  mingled,  their  branches  grow 
more  vigorous,  extend  over  a  larger  compafs,  and 
bear  fruits  of  more  general  ufc,  co-operating  in 
that  great  defign  which  has  been  carrying  on  from 
the  earlieft  accounts  of  hiftory  by  a  remarkable 
courfe  of  providence,  calculated  for  the  benefit  of 
the  human  race  in  general,  diftin(ft  from  that  rc- 
fpcfling  particular  perfons  ;  intended  to  introduce 
a  perfctt  reftiludc  of  fentiment  both  in  the  undcr- 
ftanding,  and  inferior  faculties  of  the  mind. 

Too  numerous  arc  the  inftances  to  be  noticed 
in  thefe  LfeiSures,  and  they  would  lead  me  too  far 
from  the  general  plan  of  the  work  j  but  one  or  two 
I  cannot  refrain  from  mentioning.  You  know 
how  much  the  art  of  printing  has  contributed  to 
the  advancement  of  learning;  but  this  was  not  the 
difcovery  of  any  philofopher;  the  world  had  been 
long  acquainted  with  the  method  of  ftamping  in- 
fcriptions  upon  medals  and  feals,  which  one  would 
think  might  naturally  have  led  ,t^he  ingenious  to 
contrive  how  to  ftamp  the  pages  of  a  book,  yet 
was  it  never  thought  of  until  the  appointed  time 
written  in  the  book  of  heaven. 

The  magnetic  power  of  the  load-ftonc  ^as. 
known  2000  years  ago,  but  remained  an  objefl;  of 
idle  curiofity  for  ages,'  until  the  ufe  of  the  needle 
was  difcovered  ;  when  it  opened  to  us  a  new  world, 
gave  a  readier  accefs  to  the  remoteft  regions  of  the 
old,  bcicamc  ameans  of  communicating  knowledge, 
and  familiarizing  the  nations  of  the  earth. 

Gunpowder  is  faid  to  have  been  difcovered 
by  a  monk  trying  experiments,  without  expecfta- 
tion  of  any  fuch  refull ;  but  how  greatly  has  it 
changed  ,the  polity  of  pations,  and  civilized  the 
rugged  manners  of  war,  making  it  depend  more 
uponfcience  than  bodily  ftrcrtgth  or  perfonal  cou- 
rage, and  uniting  the  civil  wit.h  the  military  inte- 

VoL.  II.  Ff  ^.reftt 

L,_,„...,  Google 


434     Lectures  oh  Natural  FHitosopHT. 

reft !  And  in  remote  confequencc  of  thcfe  inven- 
tions concurring  with. other  incidents  in  the  ama- 
zing fcries,  mankind  is  become  better  united  and 
civilized  ;  every  nation  has  fome  intercourfe  with 
others,  and  the  more  barbarous  gradually  lake  a 
tinifture  from  the  more  humane. 

Let  us  now  return  to  oor  phofphoretic  bodies^ 
andBrftof  the  Bolognian  phofphorus.  This  was 
difcovcred  about  the  year  1630,  by  Vincenzo  Caf- 
cartolo,  a  ihoe-makcr  of  Bologna,  who  being  in 
qucft  of  fome  chemical  fecret,  among  other  thin^ 
tried  a  calcination  of  fome  ftones  to  be  found  in 
the  neighbourhood  of  that  city;  and  obferved,  that 
whenever  this  rtone  was  taken  into  the  dark,  after 
having  been  expofcd  to  the  light,  it  was  plainly 
vifible  by  a  light  ifTuing  from  itfelf,  continuing  to 
appear  fofor  fome  time,  when  it  becartie  invifible  ; 
but  upon  returning  it  to  the  light,  and  then  carry- 
ing it  back  ID  it's  former  fitiiation,  it  exhibited 
the  fame  appearance  as  before. 

Of  bodies  that  give  light  in  the  dark  there. arc 
feveral  kinds;  for  fome  bodies  throw  out  light 
fpoataneoujly,  and  others  upon  being  excited.  Of 
the  former  kind  fome  Ihine  with  a  natural  lisptt 
as  glow-worms,  dates,  and  a  good  many  aquatics  ; 
others  poflefs  an  ad-ventilious  ligbt,d,%  rotten  woods, 
and  the  fleih  of  forne  quadrupeds  and  birds.  Thefe 
laft  arc  not  naturally  'phofphoric,  but  owe  that 
property  to  fome  particular  caufc,  which  generally 
IS  fulrifaliion,  and  fometimes  an  infenfible  change 
in  the  natural  conrtitution  of  the  parts. 

Thofe  bodies  which  become  phofphori  upon 
being  excited,  or  whofc  phofphoretic  property  is  at 
leaft  affifted  by  excitation,  may  be  diftributcd  into 
different  fpecies  according  to  the  mode  in  which 
this  property  is  brought  into  adtion.  Thcfe  modes 
are  attriihn,  agitation,  beat,  the  free  admijjton  of 
air,  and  being  expojed  to  the  external  light. 

Bodies 
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fiodies  of  every  kind  become  phofphori  by 
attrition,  provided  they  can  bear  that  force  of 
friction  which  is  fufBcient  to  produce  the  reluAant 
light  that  is  hid  in  their  fubftances  i  agitation 
agrees  moftly  with  liquid  fubtlances,  as  foa- water. 

The  emerald  phofphorus^'and  many  gems,  and 
amongft  thefe  not  a  few  diamonds,  the  lapis  1azuli> 
and  a  great  part  of  the  mountain  cryftal3>  become 
phofpnoric  by  the  application  of  beat. 

The  free  admiffion  of  air  not   only  produces 
.    light  in  ufing  the  phofphorus  of  Konkel,  but  even 
a  blaze  of  hre  where  fridtion  is  ufed.   The  phof- 
phorus of  Homberg  burns  alfo  furioudy  upon  the 
approach  of  air. 

The  laft  clafs.  thofe  which  aift  after  being  ex* 
po/ed  to  the  external  light,  are  exceeding  numerous] 
there  leem  but  two  fubflances  which  do  not  emit 
tight  when  tried  in  this  way,  except  water,  in  it's 
fluid  Hate,  and  meuls.  All  bodies  then  whatever* 
except  water  and  meuls,  have  apower  of  imbibing 
light,  and  when  placed  in  proper  circumflances,  of 
emitting  it  again. 

This  has  bcen'fully  proved  by  the  erperi- 
mencs  of  Mr.  Bcccari*  of  Bologna,  and  Mr.  Wil- 
fon,  which  have  been  made  in  the  moil  fatisfac^oiy 
manner :  indeed>  fo  great  has  been  their  diligence* 
that  there  are  but  tittle  hopes  of  adding  any  thing 
confideiable  to  what  they  have  done. 

A  very  weak  light  caa  onl^  be  vifible  In  great 
darknefs.  When  the  fun  is  in  it's  meridian  fplen- 
dor,  the  moon  and  liars  .are  totally  obfcured ;  and 
yet  when  his  fuperior  light  is  withdrawn*  how 
plainly  the  moon  and  ilars  appear.  Art  will  pro- 
duce a  degree  of  darknefs  far  exceeding  chat  of  the 
night*  and  in  fuch  darknefs  the  weakeft  light  will 
become  viiible.  Mr.  Wilfon,  therefore*  to  judge 
Ffa  of 
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of  the  illumiAiitiDn  of  bodies,  when  brought 
frofft  the  light}  made  his  experiments  in  a  clofet 
about  6  feet  by  5  4.  feer,  the  height  about  9  feet. 
It  was  painted  black,  or  covered  with  black  baize 
in  every  part,  and  had  two  doors  which  were  5  or  6 
ihches  broader  and  longer  than  the  fpace  to  enter 
at.  There  were  two  curtains  of  black  cloth  over" 
the  hole  where  the  hand  was  occafionally  put  out, 
toexpofe  bodies  to  the  light;  the  outer  one  and 
inner  one  each  confilled  of  three  doubles  :  allthefe 
were  confidcrably  lai^r  than  the  hole,  which  v/is 
about  1 5  inches  diameter,  and  opened  to  the  fouth. 
There  were  fmall  leaden  weights  fattened  to  the 
bottom  of  each  curtain,  to  preferve  them  in  their 
place  swhen  the  hand  was  drawn  into  the  room  ; 
tWo  curved  pipes  were  fitted  to  the  clofet,  one 
comrhunicating  with  the  external  air  from  the  top 
ofthtf  room,  the  other  from  the  bottom,  for  the 
fake  of  breathing  freely  ;  by  means  of  this  clofcc 
any  fubftances  could  be  eafily  expofcd  to  the  light, 
or  withdrawn  from  it. 

Numerous,  and  well  worthy  of  your  attention, 
are  the  experiments  made  by  fVi//o»  in  this  clofet ; 
here  almoft  every  fubftance  was  found  to  be  phof- 
phoretic:  but  calcined  oyfter-fliells,  and  white  pa- 
per, poffeffed  this  power  in  an  eminent  degree.  A 
f>iece  of  paper  with  a  key  being  expofed  to  the 
ight,  and  again  taken  into  the  room,  the  key  was 
then  removed,  and  there  remained  as  much  of  the 
paper  dark  as  had  been  covered  by  the  key,  leaving 
a  black  fpace  exa^ly  of  the  iame  figure  as  the 
key.  A  gentleman's  hand,  and  part  of  a  nlffle, 
being  dipped  in  the  light,  and  then  fuddcniy  with- 
drawn, appeared  luminous;  and  as  every  other 
part  of  the  body  was  dark,  it  looked  like  a  hand 
■with  a  bit  of  ruffle  fufpended  in  the  air,  ib  that 
the  human  body  was  found  like  others,  to  be  phof- 
phoric. 
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Though  fluid  water  is  incapable  of  emitting 
light,  yet  when  condenfed  into  the  ftK-m  of  ice  or 
fnow,  it  afUimes  it,  like  other  rpeeios  of  nutter. 
This  accounts  for  the  light  afforded  by  fnow  lying 
on  the  ground,  even  when  the  heavens  are  involvod 
in  utter  darknefs  i  bcii^  expofed  to  the  tight  all 
the  day,  it  abforbs  a  great  deal  of  light,  ai)d  is 
thereby  enabled  to  give  out  a  confiderable  quan- 
tity in  the  night. 

It  is  probable  that  all  the  bodies  with  which 
we  are  furrounded  are  fufliclently  endued  with  this 
phofphoretic  property,  to  enable  animals  to  find 
their  food  in  the  night.  To  this  it  may  be  added, 
that  the  eyes  of  animals  are  better  conftrucied  for 
collecting  light  than  the  human  eye :  thus  the  fiib- 
ftance  fpread  out  behind  the  retina  of  cats,  owk, 
&c.  is  white,  which  refleds  the  moft  light  i  that 
behind  the  retina  of  gramenivorous  animals  ts 
green;  laftly,  that  in  the  human  eye  ts  Mack; 
hence  we  require  more  light  than  animals  todiC- 
cover  objedls,  but  our  vifion  is  more  perfeft. 

From  the  foregoing  experiments  it  appears, 
that^the  world  is  ftocked  with  a  variety  of  occ»- 
fionat  phofphori,  from  which  light  is  infenfibly 
evaporating  where  we  (hould  never  have  looked  for 
it,  nor  could  pofltbly  have  detected  it,  but  for  the 
futile  modb  of  examination  contrived  hy  Beccari 
and  Wilfon. 

Of  Canton's  Phosphorus. 

To  prepare  this,  take  ibmc  oyfter-ftiells,  and 
calcine  them,  by  keeping  them  in  a  good  coal  fire 
Tor  half  an  hour ;  let  the  pureft  part  of  the  calx 
be  pulveriied  and. lifted;  to  three  parts  of  this 
powder  add  one  of  the  flowent  of  fulphur,  and  mix 
them  well  tt^ether ;  put  the  mixture  into  a  cru- 
cible, and  ram  it  tightly  therein;  then  let  it  be 
F  f  3  placed 
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placed  in  the  middle  of  a  fire,  where  it  muft  be 
kept  red-hot  for  an  hour  at  Icafi,  and  then  fct  to 
cool.  When  it  is  cold,  turn  it  out  of  the  crucible, 
and  cutting,  or  breaking  it  to  pieces,  fcrape  olt 
upon  trial  the  brighteft  parts,  which,  if  good,  will 
form  a  white  powder,  which  you  may  prefcrve  by 
keeping  it  in  a  dry  phial,  with  a  ground  flopple. 

The  quantity  of  light  which  a  little  of  this 
phofphorus  gives  when  firft  brought  into  a  dark 
loom,  after  it  has  been  expofed  for  a  few  feconds 
to  the  ii^t  of  the  day,  is  fufScient  to  {hew  the 
hour  by  a  watch,  if  the  eyes  have  been  previoufly 
(hut  for  one  or  two  minutes. 

By  this  phofphorus  you  may  reprefcnt  celcf- 
tial  objeds,  fuch  as  Saturn  and  his  ring,  the  phafcs 
of  the  moon,  &c.  If  the  figures  of  them  made  of 
wood,  be  wetted  with  the  white  of  an  egg,  and 
then  covered  over  with  the  phofphoms,  a  R»6\ 
from  the  difcharge  of  an  eled:rical  jar  will  illu- 
minate the  phofphorus  as  well  as  the  light  of  the 
day. 

By  ft  variety  of  experiments  made  with  this 
phofphorus  it  appears,  that  when  it  had  emitted 
all  the  light  it  could  in  the  common  ftate  of  the 
atmofphf:re,  it  wmild  emit  more  dq  the  applica- 
tion of  heat,  but  that  the  ffttne  d^ree  of  heat 
V'ould  only  render  it  lupiioous  for  a  certain 
time. 

Let  one  end  of  a  bar  of  iron  of  about  ^n  inch 
fquare,  or  (i  poker,  be  made  red-rhot,  and  laid  hori- 
zontally in  a  darkened  room,  tilt,  by  cooling,  it 
ceafes  to  fhine,  or  is  barely  vifible  {  then  bring  a 
little  dry  phofphorus,  which  has  been  expofed  to 
the  light,  in  %  glafs  ball  hermetically  fealed  as  near 
the  hotirpn  aspoHiblc;  and  the  phofphorus,  though 
invifible  before,  will  in  a  few  feconds  begin  fo 
Ihine,  and  will  difcharge  it's  light  fo  very  f^ft, 
^s  \o  he  enprely  exhaulted  thereof  in  lefs  th^  a 
ipinute^ 
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minute,  and  wil!  fhine  no  more  by  the  fame  treat-' 
menc  till  it  has  been  again  cxpofed  to  the  light. 
By  this  heat  light  received  from  a  candle,  or  even- 
from  the  moon,  may  be  feen  fcveral  days  after; 
and  phofphorus  that  will  afford  no  more  light  by 
the  heat  of  boiling  water,  will  fhine  again  by.  the 
heat  of  hot  iron.  By  means  of  this  neat,  phof- 
phorus, which  had  been  kept  in  d^rknefs  more 
than  {ix  monthsi  was  found  to  give  a  confiderabic 
degree  of  light. 

Mr,  iVilfonf  in  his  treatife  On  phofphori,  has 
made  a  variety  of  experiments  on  oyfter-lhclJs  cal- 
cined, and  combined  with  nitrous  acid,  and  without 
it;  in  all  cafes  they  acquired  the  phofphoric  qua- 
lity in  a  very  high  degree.  He  poured  fbme  aqua 
fortis,  previoufly  impregnated  with  copper,  on  a 
quantity  of  calcined  oyfter-ihcUs,  fo  as  to  form 
them  into  a  kind  of  pafte ;  chis  pafle  was  put  into 
a  crucible  in  a  pretty  hot  6re,  for  about  40  mi- 
nutes. Having  taken  out  the  mafs,  and  waited 
till  it  was  cool,  he  prefentcd  it  to  the  eittemal 
light;  on  bringing  it  back  fuddcnly  to.the  dark, 
he  was  furprifed  with  the  appearance  of  a  variety 
({f  colours  like  thofe  of  the  rainbow,  but  much 
more  vivid.  In  confequence  of  this  appearance 
of  the  prifmatic  colours,  he  repeated  the  experi- 
ment in  various  ways;  combining  the  calcined 
oyfter-fhells  with  different  metals,  and  metallic  fo- 
lutions ;  with  the  different  acids,  alkaline,  and 
neutral  falts  s  as  well  as  with  fulphur,  charcoal,  and 
other  inflammable  fubflances ;  and  by  all  of  thefc 
he  produced  phofphori  which  emitted  varioufly 
coloured  lighr. 

What  is  more  remarkable,  he  found  that  oy- 

'    fter-fhells  poffeffed  the  phofphoreiic  quality,  and 

'  would  exhibit  the  prii'matic  colours,  in  a  furprifing 

^egree;  and  for  this  purpofe  nothing  more  was 

!•  f  4  neceffary 
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neceflary  than  to  put  thcnt  in  a  good  fcft-coal  fire, 
and  keep  them  there  for  fome  time.  On  fcaltng 
off  the  internal  yellowifh  furface  of  each  {hell, 
they  become  excellent  phofphori,  and  exhibit  the- 
moft  beautiful  and  vivid  colours. 

From  Mr.  Wilfon's  experimentB  it  appear^ 
that  fire  or  inflammable  matter  is  elTentially  neccf- 
.  fary  towards  producing  prifmatic  colours  inphof- 
phoric  Tubflances  ;  that  there  is  no  particular 
difpofition  in  the  fhell  to  exhibit  any  particular 
colour  without  the  aid  and  afTiftance  of  the  inflam- 
mable principle ;  and  that  the  feveral  parti  of  the 
Jhells  exhibit  fuch  colours  as  correfpond  with  the 
different  quantitie6  of  inflammable  matter  that 
(bey  refpe^ively  contain. 

The  inflammable  principle  appears  to  be  fo 
vcakly  combined,  that  it  is  eafily  difeogaged  ia 
confequence  of  the  action  of  light. 

Mr.  Bcccaria  attempted  to  fhew,  that  phof- 
phorus  emitted  the  very  fame  light  that  it  received, 
nad  no  other  i  and  Dr.  Frieftlcy  concluded  from, 
hence,  that  Zanotti  was  wrong  in  afTerting,  that 
phofphori  (bine  by  their  own  native  li^t,  after 
they  hare  been  kindled  hy  foreign  light.  Zanottt 
appears,  from  Mr.  Wilfon's  experiments,  to  have 
been  conliderably  nearer  the  truth  than  Dr.  P. 
^prehendsi  as  he  feems  fully  to  have  difproved, 
by  his  numerous  and  accurate  experiments,  the 
opinion  of  Bcccaria: 

The  experiments  on  phofphori  may  perh^is 
be  accounted  for  by  confidering,  that  as  an  heated 
iron,  wfiich  is  dark  by  day.light,  appears  red  and 
fiery  when  carried  into  a  dark  room,  having  ac- 
quired  but  a  part  of  that  ignition  which  renders  it 
luminous  in  the  open  day-light ;  fo  other  bodies 
^re  capable  of  an  incipient  ignition,  which  is  per- 
ceptible to  ^hc  eye  in  artificial  darkne^ ;  and  it  is 

thia 
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this  ineifient  ignition  which  brings  them  undcrtbt 
denomination  of  pi)0^;f>9rf.  It  is  remsrkabie,  thu 
a  degree  of  light  is  difcernibk  in  heated  oil,  when 
viewed  in  fuch  a  dark  medium;  and  that  evea 
cold  water  does  not  immediately  extinguifli  the 
lig^c  imbibed  hj  fugar,  gum,  paper,  &c. 

It  has  long  been  obferved,  that  bodies,  wfatn 
beginning  to  putrify,  emit  light :  this  has  been  ob- 
ferved  in  meat,  filh,  and  particularly  in  wood ;  in 
meat  the  fofteft  parts  arc  moft  luminous,  it  look^ 
when  in  this  (late,  as  if  fprinkled  over  with  gems, 
and  upon  touching  it  the  luminous  particles  come 
off  on  your  fingers :  this  however  does  not  take 
place  before  a  certain  deerce  of  putrifaiflion  is 
induced,  and  ceafcs  after  ic  has  proceeded  to  a  fur- 
ther degree. 

The  luminous  appearance  of  the  fea  has 
long  been  known,  and  varioufly  accounted  for;  it 
DOW  feems  to  be  generally  attributed  to  a  phof* 
phoretic  appearance,  arifing  from  putriBed  mate- 
rials, from  fifh  and  vegetables,  which  rife  to  tSle 
furface  of  the  water  in  the  form  of'icum,  aod  when 
agiuted  yield  more  light  than  when  at  reft. 

There  is  a  remarkable  difference  between  ihc 
light  of  rotten  wood,  filhes,  and  chae  of  phofpborus 
of  urine,  even  when  it  is  not  in  an  ignited  ftate; 
^  for  this  laft  does  not  ceafe  to  be  luminous  even 
when  included  within  an  exhaufted  receiver;  the 
contrary  of  which  happens  to  rotten  wood  and 
filhes.  When  kept  in  water,  and  placed  in  warm 
air,  the  phofphorus  of  urine  difchargcsfuch  large 
and  bright  flaflies  into  the  air  above  it,  as  are  apt 
Co  furprife,  and  even  to  frighten  thofe  who  are  un- 
acquainted ,with  it. 

Pbo/pberi,  in  the  moft  extenfive  meaning  of 
the  word,  may  be  confidered  as  bodies  giving  ' 
light  J  though  more  properly  they  are  thofe  bodies 
l^bAchgive  a  faint  light,  (vilible  only  in  the  dark) 

upon 
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upon  being  rubbed,  or  after  having  been  expofcd 
to  the  influence  of  light.* 

Bodies  Ihine  in  the  dark  in  confcquence  of  an 
Mcefs  in  their  heat,  and  by  the  emiiTion  of  this 
Jight  the  heat  is  in  fonie  degree  diflipated  s  the 
fubftance  of  the  body  is  thus  changed  in  it's  tem- 
perature, or  in  relation  to  heat. 

Bodies  emit  light  alfo  in  confcquence  of  the 
refolution  of  phlogiftic  matter,  which  had  been  con- 
tained in  their  fubftance  or  compofition. 

But  bodies  alfo  emit  light  without  being  fen- 
fibly  affedcd  in  their  temperature,  or  having  the 
compofition  -  of  their  fubftance  changed  ;  this 
change  may  be  effefied  by  that  aifiive  principle, 
which  there  are  many  reafons  for  fuppoung  to  re- 
fide  on  the  furfaces  of  bodies. 

That  particular  fpccies  of  bodies  which  have 
a  peculiar  power  in  their  fubftance,  by  which  inci- 
dent light  is  reflefted,  or  which  have  a  power  of 
abforbing  light,  do  not  become  phofphoretic  by 
having  the  powers  of  their  furfaces  excited  by  fric- 
tion or  incident  light ;  but  thofe  bodies  llhich  do 
not  thus  eminently  abforb  or  reflefl  light,  and  do 
not  condudt  ele<5iricity  by  their  fubftance,  are  all 
in  feme  degree  phofphoretic. 

That  the  light  emitted  from  the  phofphoretic 
body  is  not  the  idontical  light  to  which  the  body 
has  been  expofcd,  is  proved  by  Mr.  Wilson's  ex- 
periments. It  would  therefore  appear,  that  the 
fpecies  of  the  emitted  light  arifes  only  from  the 
particular  difpofition  of  the  phofphoretic  body, 
and  that  by  being  thus  properly  difpofed,  the  fame 
phofphoretic  bodies  may,  after  being  excited, 
emit  anyone  particular  fpecies  of  coloured  light, 
according  to  the  manner  in  which  it  had  been  dif- 
pofed for  this  operation  of  producing  light. 

From 

*  Hutton'i  <•  DifTatitioni  on  different  Subje£ts  of  Natural 
Fhilofophy." 
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Fjrom  the  experiments  of  Mr.  Wilfon  it  ap- 
pears, that  it  is  not  the  exciting  light  which  is 
emitted  by  the  body  fhining  in  the  tfirk  j  it  is  not 
the  emitted  light,  or  light  of  the  fame  fpecies, 
which  has  the  greateft  power  of  exciting  the  phoj- 
pbortis  to  ihine  ;  but  the  light  which  has  fo  great 
an  energy  in  exciting  the  phofphorus,  is  that  fpe- 
cies  of  light  which  is  placed  at  the  other  extre- 
mity of  the  prifmatic  order,  or  moft  oppofite  in 
the  rule  of  it's  refrangibility  from  that  of  the 
emitted  light. 

Thus,  though  the  incident  light  be  a  caufe  of 
{hining  by  exciting  this  qualiry  in  the  phof]^u>- 
retic  body,  yet  there  is  intcrpofed  another  opera- 
tion between  the  incidence  and  the  emi0ion  oif 
light ;  and  there  is  reafonto  fuppofe,  that  the  par- 
ticular fpecies  of  light  emitted  from  the  pbo/pht' 
retic  furfacc,  depends  on  the  eU£lric  fluid  put  in 
adiion  by  the  incident  light. 

Pbojphorelic  and  pologtftic  bodies  agree  in  con- 
taining a  quantity  of  light,  which  is  not  in  any 
perceived  ftate  of  heat. 

Although  phiogiftic  and  phofphorctic  bodies 
emit  light  upon  the  fame  principles,  fo  far  as  this 
depends  upon  luminous  matter  contained  in  the 
bfxlies,  which  is  fet  at  liberty  during  the  operation, 
by  which  it  is  rendered  luminous  ;  yet  the  manner 
in  which  the  luminous  matter  is  fet  at  liberty,  is 
very  different,  as  is  that  alfo  by  which  the  lumi- 
nous matter  is  retained.  The  expofure  to  the  at- 
mpfpherc  is  elTcntial  to  the  emiHion  of  light  from 
pblogiftfc  bodies  ;  but  this  is  a  circumftance  indif- 
ferent or  unneceflary  for  the  fame  operation  in 
thofe  that  arc  pbofpboretic.  In  phofpborelic  bodies 
there  is  no  dift'crciu:e  perceived  after  they  have  loft 
their  fhining  qualities ;  but  this  is  not  the  cafe 
with  pblogijUc  bodies,  where  the  grea:eft  dilfc- 
rence  is  perceived  on  iheabftrafljonoftheirlumi- 
^us  mattcf. 

Pbo/pborelic 
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Pbo/phoretic  bodies  furnifh  us  with  a  ftroi^ 
additional  proof  of  a  principle  already  noticed, 
that  light  u  matter  which  may  continue  for  fomc 
time  therein  without  exciting  heat,  and  may  be 
again  feparated  therefrom,  and  refume  it's  charatfler 
of  light,  as  will  appear  by  confidering, 

I  ft.  That  a  phofphorctic  body  is  made  lumi- 
nous only  by  it's  having  been  expofed  to  light. 
2dly,  That  it  muft  be  expofed  to  light  of  a  certain 
inienfity.  3dly,  That  provided  the.  light  falling 
upon  the  phofphorctic  body  be  fufficiently  intcnfe, 
the  moft  inftantaneous  expolition  fuffices  to  fatu- 
rate  the  body,  fo  as  to  make  it  emit  light  vifible  in 
the  dark,  equally  as  if  it  had  been  expofed  thereto 
ibr  a  longer  time. 

It  follows  from  hence,  that  light  is  matter,  and 
that  this  folar  fubftance  may  be  retained  in  con- 
nection with  a  body,  either  upon  it's  lurface,  or 
conneded  with  the  graviuting  matter  of  which 
the  body  confifts. 

General  Observations  concerning  several 
Operations  or  Light  in  Relation  to  Bodies. 
Extracted  from  Dr.  Hutton's  "Disserta- 
tions on  dipferent  Subjects  of  Natural 
Philosophy." 

A  body  Jieated  to  an  intenfe  degree  gives 
light,  and  light  may  be  confidered  as  matter  moving 
in  a  ftrait  courfe  dire<5bed  from  a  body.  It  is  a 
matter  of  general  obfervation,  confirmed  by  the 
experiments  of  Mr.  Pidet,  that  the  intenfity  of 
heat  in  a  body  is  diminifhcd  in  proportion  to  the 
,!ighB  which  is  emitted  from  the  body. 

Li^bt  emitted  from  a  hot  body,  and  meeting 
in  it's  courfe  with  a-colder  body,  whofe  tempera- 
ture may  be  accurately  meafured,  may  be  either 
reflcfled  from  the  furface  of  the  oppofing  body,  "or 
cxtinguilhed  within  the  fubJlancc  of  tfae  hpdy.  In 

this 
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this  laft  cafe,  if,  in  proportion  to  the  li^t  extin- 
guifhcd  in  the  body,  the  intenfity  of  heat  be  in- 
creafed,  it  may  be  concluded,  that  fire  is  moved 
from  the  body  in  light,  but  the  intenfity  of  heat 
in  a  body  is  increafed  in  proportion  as  light  therein . 
is  cxtinguithed ;  it  therefore  is,  as  to  matter,  the 
fame  with  fire. 

Heat  and  li^frnzy  thus  be  conlide'red  as  dif- 
ferent modifications  of  the  fame  matter,  or  dif- 
ferent adtions,  iiccording  to  the  feVeral  condition! 
in  which  that  matter  may  be  placed. 

Light,  which  is  incident  in  relation  to  a  body, 
may  be  either  reficifted  or  tranfmitted,  or  both,  ftnd 
that  in  greatefl  part. ,  So  far  as  light  is  refleifled  ■  , 
from  the  furface,  or  tranfmitted  through  the'fub- 
ftance  of  a  body,  no  heat  Ihould  be  excited  in  coft- 
fequence  of  this  modification  of  matter,  "which  if 
not  that  of  heat.  This  is  confiftent  with  obferva- 
tion,  for  no  heat  is  excited  by  refleiled  or  tranf- 
mitted light. 

Byjre  the  volume  of  bodies  may  be  changed, 
by  /;gi»/  the  figure  of  bodies  may  be  perceived ;  but 
■we  know  not  whether  fire  and  light  have  a  proper 
bodily  form  ;  yet  their  exiftence  is-manifefted  by 
their  effcdls  ;"  their  aftions,  or  laws  of  motion,  are 
inferred  or  difccrned  by  reafon. 

Nothing  is  more  diftinft  tha*Iight  and  fire 
in  their  proper  fcnfible  qualities',  but  thefe  fenfible 
qualities  are  conditional.  On  the  one  hand,  fire 
is  not  felt,  if  the  fenfitivc  body  prefcrves  it's  na- 
tural or  proper  quantity  of  this  fubftance ;  on  tiie 
other  hand,  light  is  not  perceived  when  falling  on 
the  ikin  or  hands.  As  the  conditions  therefore 
neceflary  to  the  produdions  of  thofe  feveral  fen- 
fations  are  perfeiftly  different,  from  thofe  different 
fenfations  we  cannot  conclude  the  matter  employed 
in  both  is  not  the  fame. 

Bodies  in  relation  to  light  are  either  iMmin'eus 
a  or 
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or  illuminated.  It  is  only  by  means  of  tight  that 
bodies  become  vifible,  and  this  light  muft  proceed 
from  luminous  bodies. 

As  bodies,  by  having  the  intenllty  of  their 
heat  fufBcicncly  increafed,  may  become  luminous 
or -made  to  emit  light ;  if  the  light  of  bodies  is 
conHdered  in  this  moft  general  view,  the  clafs  of 
luminous  bodies  will  be  thereby  greatly  augmented. 

In  order  to  diftinguifh  bodies  that  are  -pro- 
perly luminous- (rom  thofe  that  only  emit  light  in 
eonjequehce  of  heaf,  it  will  be  proper  to  obferve, 
that  bodies  emitting  light.in  this  lail  manner,  are 
not  changed  further  than  neceffarily  follows  from 
the  operation  by  which  the  proper  degree  of  heat 
is  prtxiuced  -,  confequeatly  thefe  bodies  may  return 
to  their  former  Hate,  and,  by  being  again  heated, 
may  have  thde  operations  repeated  without  limi- 
tation. But  bodies  properly  luminous  are  limited 
in  the  quantity  of  light  which  they  had  retained, 
and  which  they  are  able  to  emit;  after  which 
thofe  bodies,  exhaufted  of  their  proper  light,  can 
only  be  luminous,  in  cooTequence  of  fire  a^Hng 
as  heat. 

Bodies  that  are  eminently  luminous  muft  emit 
a  quantity  of  light  which  had  been  contained  in 
them  ;  fuch  bodies  muft  therefore  contain  a  cer- 
tain fpecies  of.macter  in  their  fubflance,  and  this 
\%C9i\c6ipblogiJlic  inJlammaMe  OT  comtujiihle  matter. 
Now  this  phlogifton  may  in  the  chemical  operations 
of  matter  be  tranlUted  from  the  fubftance  of  one 
body  to  another ;  by  which  means  bodies  are  made 
I^logiftic,  or  capable  of  becoming  eminently  lu- 
minous, that  were  not  fo  before. 

All  bodies  that  arc  made  to  give  light  require 
a  certain  degree  of  heat,  without  which  they  will 
remain  without  giving  light ;  fo  that  all  bodies  that 
are  to  emit  light,  whether  properly  luminous  oc  not, 
agree  in  having  the  emiifion  of  light  as  a  confe- 
quence 
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quencc  of  heat,  and  in  requiring  a  certain  intcn- 
iicy  of  heat  as  a  neceflary  condition  for  the  emif- 
fion  of  light :  fo  far  as  this  is  the  cafe,  without 
heat  bodies  could  not  give  light. 

Heated  bodies  emitting  light.  I  have  already 
obferved,  are  thereby  continually  lofing  heat,  while 
colder  bodies  expofed  to  light,  are  receiving  heat ; 
fuch  bodies  therefore  muft  have  both  their  heat 
and  light  continually  dimintlhed,  by  forming  an 
equilibrium  of  heat  with  contiguous  and  furround- 
ing  bodies. 

It  is  otherwife  with  combuftible  bodies,  for 
though  thefc  require  a  certain  degree  of  heat  as  a 
condition  of  their  emitting  light ;  yet,  as  they  alfo 
emit  light  upon  other  principles,  fo  during  their 
emiHion  of  light,  appearances  take  place  very  dif- 
ferent from  thofe  of  bodies  that- arc  only  luminous 
by  the  intenfity  of  their-heat. 

The  folar  fubftance  appears  to  be  varioudy 
modified  in  relation  to  bodies,  or  differently  dif- 
pofed  with  regard  to  fpace  and  things  i  it  is  in  one 
place  Jine,  in  another  ligbl,  in  a  third  ele3ricily. 
In  each  of  thcfe  modifications  there  arc  properly 
perceived  adions  with  different  intentions,  but 
not  oppofite  natures.  From  various  fimititudes, 
thefeveral  a<5lions  are  concluded  as  belonging  to 
the  fame  kind  of  matter,  from  the  feparate  pur- 
pofes  perceived  in  their  various  <nftinguifhed  or 
different  modifications. 

Bodies,  in  relation  to  light,  may  be  diftin- 
guifhed  as  of  two  different  kinds ;  one  kind  givit^ 
light  of  their  own,  or  which  had  been  part  of  their 
fuoftance,  immediately  before  the  acl  of  emifTioni 
the  other  kind  giving  no  light,  except  that  with 
which  they  are  illuminated  from  other  bodies. 
Hence  a  general  diftindtion  of  bodies,  fome  being 
luminous,  others  dark  or  opake. 

Bodies,  in  relation  to  that  light  with  which 
4  they 
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they  are  illuminated,  are  confidcred  as  of  two-kinds, 
either  tranfparcnt  or  opake.  Here  is  therefore 
another  fenfci  in  which  opacity  may  be  taken  t 
confequently,  before  the  various  aftcAioni  of  light 
and  bodies  are  examined,  it  will  be  proper  to  have- 
a  diltindt  notion  of  this  quality,  which  may  per- 
haps be  confidered  in  different  fenfcs. 

Opacity,  as  a  quality  in  bodies,  may  be  con- 
fidered either  in  a  more  limited  or  in  a  more  ex- 
tenfivefenfe;  in  the  one  cafe  it  fignifies  want  of 
tranfparency,  in  the  other  that  no  light  comes 
from  a  body.  The  firft  is  a  quality,  properly  or 
only  oppofed  to  tranfparency  ;  the  laft  will  fignify 
darkneis  in  a  body,  from  whatever  caufe. 

Opacity  being  confidered  in  the  mofl:  exten- 
ftve  fenfe,  then,  as  there  are  two  different  princi- 
ples of  lumination  or  modes  by  which  light  may 
proceed  from  a  body,  the  quality  of  opacity  may 
oe  examined  in  relation  to  each. 

Light  properly  belonging  toa  body,  being  emit- 
ted, is  faid  lo  come  from  a  luminous  body  :  there- 
fore opacity  in  being  applied  to  a  body,  may  mean 
a  body  that  emirs  no  light  of  it's  own.  But  as, 
in  this  cafe,  the  light  to  be  emitted  is  fuppofed  to 
be  part  of  the  body,  or  it's  fubftance's  opacity,  in 
this  particular  fenfe,  will  mean  a  quality  only  in 
relation  to  the  fiibftance  of  the  body,  and  not  to 
it's  form,  that  is,  to  it's  figure  and  volume. 

At  the  fame  time  that  this  quality  of  opacity 
is  thus  found  to  beapplicablconly  to  the  fubftance 
of  a  body,  it  mufl  alfo  appear  that  this  is  only  a 
negative  quality,  meaning  that  the  body  has  no 
ligrii  of  it's  own  to  emit  j  or,  if  il  does  contaiin  lu- 
minous matter,  that  there  are  not  proper  condi- 
tions for  the  cmifTion  of  that  fubftance. 

With  regard  to  the  other  mode  of  giving 

light,  when  a  body  may  have  opacity,  or  Ihall  be 

confidered  as  opake,  this  relates  to  incident  or 

foreign 
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foreign  light.  Light  falling  on  a  body  may  ht 
either  reflci^ted,  in  which  cafe  it  illuminates  the 
body,  or  it  may  be  tranfmittcd,  in  which  cafe  the 
body  is  tranfparcnt ;  in  neither  of  thofe  two  cafe^,- 
is  opacity,  as  ar  quality,  neceffarily  perceived  in 
that  body.  But  light  entering  the  furface  of  the 
body,  and  being  there  retainedwithout  immediate 
emiffion,  here  is  to  be  perceived  a  quality  in  the 
body,  which,  at  the  fame  time  that  it  is  a  pofltive 
quality,  ia  alfo  properly  fpeaking  the  quality  of 
opacity,  a?  being  oppofed  to  the  tranfmiflion  of 
light,  which  is  transparency. 

In  this  cafe  of  opacity,  eonfidered  as  a  pofi- 
tivc  quality,  no  relation  is  to  be  perceived  between 
form,  figur^,  or  volume,  the  proper  qualities  of  ii 
body,  and  this  quality  or  power  in  relation  to  light; 
therefore,  ojucity,  in  this  moft  proper  fenfe,  muft 
be  eonfidered  as  a  quality,  Mhicn,  whilft  it  is  po- 
filivc,  belongs  only  to  the  fubftance  of  the  body, 
and  may  be  properly  examined  without  attending 
to  the  form  or  volume. 

Tranfparcncy  confifting  in  the  free  tranfmiF- 
fion  of  light  through  a  body,  the  abfolute  folidity 
of  the  particles  of  matter  in  a  body  muft  be  incon- 
fiftent  with  that  qijality  ;  fori  as  tranfparent  bodies 
tranfmit  light  equally  in  all  diredions,  it  is  only 
by  fuppofing  the  refifting  parts  of  the  body  to  be  to 
the  unrefifting  parts,  in  a  ratio  lefs  than  any  aflign- 
able  proportion,  that  this  quality  of  perfedt  tran- 
fbarency  can  be  thought  confiftent  with  the  exten- 
Mon,  and  direct  motion  of  the  rays  of  light.  At 
the  fame  time,  in  judging  from  the  hardnefs  and 
irttomprefTibility,  if  thefc  are  fuppofed  to  depend 
upon  the  folidity  of  the  fubftance,  there  muft  be  a 
great  proportion  of  niatter  in  the  body. 

But  as  there  is  no  reafon  to  doubt  of  the  per* 
fe*5l  tranfparcncy  of  bodies,  eonfidered  folely  as^ 
tranfmitting  quality,  there  is  perhaps  ever)'  reafon 
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that  can  be  drawn  from  the  concurring  tcftjmony 
of  natural  appearances,  to  juftif/ the  fuppoiiiion, 
that,  in  a  tranfparent  body,  the  abfolute  volume 
of  matter,  neceflarily  oppofing  the  pafTagc  of 
light,  and  the  abfolute  volume  of  the  parts  of  light 
that  muft  necelTarily  be  oppofed  in  pamng  through 
that  body,  are,  to  the  reft  of  the  (pace,  in  a  ratio 
lefs  than  any  afltgnable  proportion.  This  being 
the  cafe,  it  muft  be  evident,  that  thofe  two  quali- 
ties of  tranfparency  in  relation  to  the  rays  of 
light,  atid  refilling  power  in  relation  to  external 
force,  are  things  plainly  inconfiftent,  if  we  arc  to 
fuppolc  iblid  matter  to  be  the  principal  of  bo- 
dies. 

On  the  other  hand,  opacity,  confidered  as  a 
quality  by  which  tranfmiflion  through  the  fub- 
*ltanceof  a  body  is  rcfufcd,  will  appear  not  to 
arife  from  the  neceflary  refiftance  of  the  matter  in 
a  body  to  the  rays  of  light  from  it's  extenfion,  nor 
from  the  mechanical  difpofition  of  that  matter  in 
any  conceivable  manner  j  for,  ift,  According  to 
any  way  of  forming  a  judgment,  with  regard  to 
the  quantity  of  matter  in  a  body,  that  quantity  does 
not  appear  to  have  any  influence  in  producing 
opacity. 

2dly,  The  fmalleft  examinable  quantiw  of 
matter,  fufficiently  opake,  appears  to  be  as  effec- 
tual to  interrupt  the  paiTa^e  ol  light,  as  the  greateft 
quantity  of  matter  not  uifficicntly  opake ;  at  the 
fame  time  this  quality  of  opacity  in  a  body,  does 
not  appear  to  be  altered  by  any  mechanical  change 
or  difpofition  of  the  parts  :  therefore,  though  the 
tranfparency  of  bodies  were  explicable  from  the 
fuppofition  of  inBnite  Rrength,  and  infinite  rarity, 
in  the  folid  matter  and  conunidiion  of  bodies,  this 
^theory  or  ftippofitioA  would  ftill  be  inconfiftent 
ftith  (he  opposite  quality,  that  is,  opacity  in  bodies; 
for,  while  tae  g^eatvft  quantity  of  a  denfe  tnnf- 
f  ariOC 
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fwrtnt  fubrtance  tranfmits  light  perfedly  in  every 
poffible  dircftion,  the  fmaUcft  quantity  of  a  rare 
opakc  fubftance  fuffices  to  arrefl  light  or  retain  it, 
without  reflexion  or  tranfmilSon^  It  U  thus  im- 
pofTible,  upon  mechanical  principles^  to  reconcile 
thole  two  diiferenc  qualities  of  bodies  j  therefore, 
independent  of  the  infurmountable  difficulty  of 
conirrudting  the  folid  matEer  of  bodiea  for  thofo 
two  oppolite  purpofesj  here  is  a  demonftration, 
from  the  fimple  quantities  of  the  matterin  bodies, 
by  which  it  is  proved,  that  opacity  does  not  arife 
from  any  mechanical  conftruiftion  of  folid  .matter; 
and  therefore,  that  bodies  are  not  compofed  of 
folid  matter  and  fpace,feparate  and  contiguous. 

Light  appears  to  pafs  through  the  fubftance 
of  a  homc^eneous  tranfparcnt  body  with  equal  fa- 
cility, as  it  is  conceived  to  move  in  the  rarefi  or 
voideft  fpace  j  confequcntly,  the  matter  of  fuch  a 
body  makes  no  fenfible  rcfiftance  to  light.  There- 
fore it  may  be  inquired,  what  kind  of  matter  is  this, 
that  has  not  the  power  of  refitting  light  ?  Or,  what 
particular  powers  in  bodies  arc  affociatcd  with  this 
deficiency  of  power  in  relation  to  light  ? 

The  bardeft  z.ndi/oftefi  bodies  arc  equally  tranf- 
parcnt;  light  does  not  appear  to  be  tranfmitted 
through  a  diamond  with  lefs  facility  than  through 
the  air :  therefore,  that  power  in  bodies,  which 
refifls  the  motion  of  the  parts  in  relation  to  each 
other  with  fo  great  intenfity,  does  not  refift  the 
motion  of  light,  or  this  particular  modification  of' 
matter. 

Fluid  and  cottcretfd  bodies,  water  and  cryjlal, 
are  equally  tranfpareni  i  confequentlyi  that  powejT 
by  which  the  parts  of  bodies  are  directed  to  pai^i- 
cular  Atuations,  does  not  interpofe  any  reftuaoce 
to  the  pJklfage  of  light. 

.  Hearvy  bodies  may  be  U«nfparent^  as  weU  as 

lighter  bodies  ;  glajs  efUad,  cryfi^U,  mt^  tf/r,  are  all 
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f ranrpafent  bodies ;  therefore,  as  the  matter  of 
light  appears  to-  have  no  gravitating  power>  the 
power  (H  gravitation  in  bodies  makes  no  oppofi- 
tion  or  refiftancc  to  the  motion  of  light. 

The  particular  attraDive  powers  of  fubftances 
appear  to  be  no  more  difpofed  to  refilt  the  matter 
of  light,  than  the  genera!  powers  of  bodies  which 
have  been  considered;  thus  air,  water,  acid,  al- 
kali, and  neutrals,  are  all  tranfparent. 

Therefore,  from  the  examination  of  bodi» 
with  regard  to  tranfparency,  this  general  conclu- 
fion  may  be  formed,  that  the  attrai/ive  gravitatixg 
matter  in  bodies  appears  to  have  no  power  caku- 
lated  to  oppofe  and  refift  light. 

But  in  opake  bodies,  there  are  powers  by 
which  light  13  effeduatly  refifted. 

In  the  tranfparent  bodies  already  examined^ 
every  fpccies  of  fubftance  has  been  confidered,  ex-  ' 
cept  one  J  and  this,  which  is  pblegijlic  fubflancc, 
not  yet  examined  with  regard  to  light,  has  been 
found  capable  of  oppofing,  refifting,  and  chang- 
ing every  general  attractive  or  gravitating  power 
in  bodies  :  therefore,  on  finding  rhis  fubftance 
properly  adapted,  whelhcr  in  a  mediate  or  imme- 
diate manner,  for  the  oppolition,  refiftancc,  aji4 
change  of  light,  the  qualities  of  tranfparency  and 
opacity  in  bodies  will  be  properly  explained ;  at 
(he- fame  time  that  this  natural  appearance  of 
tranfparent  and  opake  bodies  being  in  perfe^fl  con- 
fiftency  with  the  theory  of  matter  already  invefti- 
gated,  will  add  that  confirmation  which  inpbyfical 
fubjetis  is  required. 

Tranfparent  bodies  have  been  confidered  a> 
not  aftetiting  the  light,  which  thus  iraverfes  their 
fubftance  with  perfect  facility;  but  it  is  a.nccei^ 
fary  contJiiion  tor  this  purpofe,  that  the  fubftance 
be  homogeneous,  and  equal  in  it's  dcnfitv,  or,  that 
the  body  bu.lUlHciently  uniform  in  iclation  to  the 
volume 
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volume  occupied  by  it's  fcveral  parts;  for  a  greater 
degree  of  denfity  in  one  part  of  a  body,  otherwifc 
perfectly  homogeneous,  difpofes  tht  body  to  affeifi 
the  light  in  tiiat  paat  where  the  change  of  deofit^ 
Xakes  pjacc. 

Hence  the  furfaces  of  contiguous  bodtes,  which 
are  tranfparent,  but  of  different  denfities,  are  ob- 
ferved  to  affed  light  in  different  ways,  and  ac- 
Cftwiing  to  a  certain  rule. 

Thus  refleiftioD,  refrnfiion,  and  cxtijidhion,  are 
aifcflions  of  light  by  tranfparent  bodies,  the  rule 
«r  Jaws  of  which,  to  the  honour  of  philofojAy, 
2iave  been  fo  well  invcftigatcd. 

From  the  particular  laws  obfervcd  in  thofe 
cafes,  there  is  reafon  to  xonclude,  that  there  are 
certain  .powers  fituated  in  a  place  corrcfponding  to 
che  furfaces  of  bodies,  by  which  light,  that  other- 
wife  would  be  unaffcded,  may  be  both  deflected  in 
it's  courfe,  and  arfeftcd  in  it's  motion.  Biit  on 
conlidcring  eleftricity,  there  are  found  certain 
powers  filuatedprecifety  in -this  place  ;  and,  as  the 
matter  of  cledricity,  which  is  properly  fituatcd  in 
this  place,  and  that  proper  to  philogiftic  fuhftance 
l>y  which  alone  light  has  appeared  £0  be  affcAed« 
arc  of  the  fame  kind,  being  dilfereni:  modification 
(Of  the  fame  fpecies  of  matter,  there  is  reafon  to 
Conclude,  that  the  powers  hy  which  light  is  af- 
feded  at  the  furfaces  of  tranfparent  bqaies,  are  of 
tile  fame  nature  with  thofe  by  which,  in  opaJ(£-J?(i«> 
tlies.  light  is  alfo  found  to  be  affeded- 
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Or    THE    IwFtECTl»N5     OP     THE     RaYS    OF    LiGHT 
WHICH  PASS  IM  jTHE  VICINITIES  OF  BoDIES. 


THE  experiments  on  this  fubje<£l  by  Sir 
t.  Newton  were  the  laft  that  he  madcj  and  arc  ac" 
knowledged  fay  himfelf  to  be  incomplete;  thofc 
,  who  have  followed  him  in  this  delicate  and  im- 
pOTtant  department  of  natural  philofophy,  have 
done  little  more  than  added  feme  infulated  fads  to 
thofe  obfcrved  by  him.  The  law  followed  by  the 
powers  that  inBed  the  light,  and  the  limits  of  it's 
aftioHj  are  yet  unknown.  One,  however,  of  the  ge- 
neral rcfults  from  the  experiments  is,  that  bodies  ail 
upon  light  at /mall  dijiancei  hy  altraifion  and  repnlr 
Jien. 

If  a  beam  of  the  fun's  light  be  admitted  into 
a  darkened  chamber^  through  a  hole  of  the  brealdth 
of  a  foriy-fecondth  part  of  an  inch  or  there«boutS| 
the  fhadowfi  of  hairs,  threads,  pins,  ftraws,  &g. 
appear  confidcrably  larger  than  they  uould  be  if 
the  light  paflcd  by  them  in  ftrait  lines,  Fof  ex- 
ample,  a  hair  whofe  breadth  was  the  sSoth  part  of 
an  inch  being  held  in  this  light,  ^t  about  1 1  feet 
from  the  hole>  caft  a  ihadow,  which  at  the  di%nce 
of  4  inches  from  the  hair  was  the  6pth  part  of  ^n 
inch  bimd,  that  is,  above  four  times  the  breadth  df 
the  hair.  And  the  effcA  is  the  fame,  though  the 
denlity  of  the  medium  contiguous  to  the  fmall 
body  be  altered,  the  Ihadow  »  like  dillances  being 
^Mfll*  whether  it  was  in  the  open  air,  or  inclofed 
between  two  pjajcs  of  wet  jglals,  care  being  taken 
^hat  the  ijicidence  and  emergence  pf  the  ray  was 
perpendicular  to  the  glalTes.  I'he  fcratches  pij 
ihc  furfacCj  or  veins  in  the  glafs,  cad  Ihadow^ 
tfoftdc^  than  fhcy  ought  to  be,  frofn  the  ufual  re- 
''  ffa<^io9 
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fraiflion  which  might  arife  from  any  ai^ioti  of  the  - 
aml>ient  medium. 

Let  X,  fie.  2,  pi.  7,  be  a  hair  placed  in  the 
beam;  ADG.  BEH,  KNQ,  LOR.  rays  of 
light  pafllt^  by  the  iides  of  it,  are  bent  at  x,  and  . 
falling  upon  the  paper  G  Q,  the  two  rays  T  I,  V  S, 
pafs  by  the  hair  without  being  defledcd  ;  but  all 
the  rays  between  T I  and  V  S  are  bent  in  paHing 
by  the  hair,  and  turned  afide  from  the  fhadow  I S. 
The  light  palling  neareft  the  hair,  as  at  D  and  N, 
is  moft  bent  paffing  to  G  and  Q ;  thofe  that  arc 
farther  off,  at  at  Eand  O,  are  lelsbent:  andfoon. 
to  T I  and  V  S :  confequeotly  the  aiflion  upon  the 
rays  of  light  ts  ftrongelt  at  the  leaft  diftanccs,  and 
grows  weaker  and  weaker  as  the  diftance  of  the 
ray  pafling  by  is  iitcreifed. 

Tht  fliadows  of  all  bodies  in  this  light  are 
bordered  with  three  parallel  fringes  of  coloured 
light  f  the  nearcft  to  ihe  fhadow  is  the  brightcft^ 
and  the  furtheft  very  faint ;  the  order  of  th«  co- 
lours, reckoning  firom  the  innermoft,  are  violet, 
blue,  green,  yellow,  red.  On  lookiiv;  at  the  fuii 
through  a  feather  or  black  ribbon,  held  clofe  to 
the  eye,  feveral  fringes  of  colours  will  appear. 

Ijct  a  beam  of  the  fun's  light  be  admitted 
through  a  hole  |  of  an  inch  broadj  place  a  fheet  of 
pafteboard,  blacked  on  both  fides,  at  about  3  feet 
from  the  hole ;  in  the  middle  of  the  paflcboard 
let  there  be  a  hole  ^  of  an  inch  fquare  for  the  light 
to  pals  through ;  behind*  the  palteboard  fallen  the 
bl^de  of  a  Iharp  knife,  fo  as  to  ftop  part  of  the 
light  going  through  the  hole.  The  knife  and 
.  pafteboard  are  to  be  parallel,  and  both  to  be  at 
jright  angles  to  the  beam.  Let  a  part  of  the  lights 
which  paflcs  by  the  knife  edge,  fall  upon,  a  wnitc 
paper  at  about  3  feet  diftance,  and  there  will  be 
j,wo  ftreams  of  light  Ihooting  out  both  ways  into 
^c  ftixJow,  fomewhat  like  the  tails  of  comets.  , 
■        Gg4       .  Tbcfc 
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Ttrefe  ttreams  being  very  faint,  it  is  ntceflary,  m 
order  to  fee  them  diftin^ly,  to  let  the  direft  Tif\ 
pfifs  through  a  hole  iij  the  paper  on  a  pi&ct  of 
black  cloth ;  the  ll§;ht  of  .the  ftreairiB  is  then  per- 
ceptible on  the  paper  to  the-diftance  of  6  or  8 
inches  from  the  fun's  dire<ft  light  each  way,  and  in 
all  the  progrefs  from  that  direct  light  decreafes 
gradually  til!  it  becomes  infenfibie. 

■  Placing  another  knife  with  it's  edgevefyntat 
and  parallel  to  the  firll,  if  they  he  diftant  the 
400th  part  of  ■an  inch,  the  ftrcam  of  lighr  paflihg 
bttwccn  them  ivill  be  divided,  parting  in  the  mid^ 
die,  leaving  a  dark  fliadow  in  the  ipcerval :  as  the 
edges  approach,  the  ihadow  grows  broader,  and 
the  ftream  narrower  at  cTie  inner  end :  fo  that  ihc 
light  that  is  leaft  bent  goes  to  the  innef  end  of  the 
ftream,  and  paTfes  at  thegreateft  diftance  from  the 
edges.  This  diftance  is  about  the  Sobth  part  of  an 
inch;  when  the  fliadow  begins  firft,  the  light  which 
'pafles  at  tcfs  diftanccs  is  more  bent,  and  g^es  to 
that  fide  which  is  fartheft  from  tht  dired  light : 
a  little  before  tire  fliadows  appear,  the  fringes  com- 
mence on  both  'fid'ts,  and  as  'the  Vnives  approach 
they  grow  moi*e  ditVinift  and  larger,  till  upon  coh- 
taft  of  the  knives,  the  whole  light  vanifties,  leav- 
ing it's  place  to  the  fhadow. 

Admit  -a.  beam  of  the  fuh's  light  through  -a 
fmall  hdle,  made  by  a  pirj,  in  a  thift  plate  of  lead', 
atid  place  a  prifm  at  the  ho^e  to  rtfraft  the  'light 
on  the  oppofite  wall.  The  fhadows  of  atl  bbdies 
'held  i'n  the  coloured  light  Sre  bnrderd  with  fringes 
of  the  colour  of  that  light  in  which  they  are 'held; 
in  the  red,  they  are  red  ;  in  the  blue,  blue,  &c.  but 
the  fringes  in  the  red  light,  are  the  largcft  ;  thofc 
in  the  violet,  leaft;  the  green,  between  both  ;  and 
'this  at  all  diftanccs  from  the  fmallbody. 

So  that  the  rays  which  made  the  fringes  in 
the  red  light,  paiTcd  by  the  hair  at  a  greater  dif- 
■■•■  ■  •  ■         tance 

L,„,;,z...,  Google 


Of  the  Rays  ©f  LraifT.  ^,57 

jtanee  than  thofe  which  iftaie  the  vioitx  H-ingM  ( 
confequentl)'  the  hair  in  caufing  thefe  -fringes  adcd 
Similarly  upon  the  red  rays,  which  were  a:  a  guciUit 
idiftance,  as  upon  the  violet  at  lefs  diftances ;  and 
.by  thefc  a<Si©ns  difpofei  the  *ed  light  into  larger 
fringes,  and  the  vioiet  into  (mailer,  &c.  without 
changing  the  colour  of  the  rays. 

When  a  hftir  is  held  in  a  ivhite  bt^m  -offolar 
jtg^t,  and  cafts  t  ihadow  which  is  bordered  b)^ 
^hree  fringes  of  coloured  light,  thefe  coloia-s  arifc 
from  the  various  inflexions  by  which  the  ray» 
,are  feparaCed,  and  heing  feparated  ptxiduce  leftch 
'it's  own  colour.  In  the  laft  experiment,  where 
the  rays  are  feparated  before  the  light  comes  tothe 
"fair,  the  red  or  Icaft  refrangibie  rays  were  i«- 
'.fle^edttt  greater  distances,  and  the  violet  or-ltioft 
refraDgible  rays  at  a  lefs  diflaticfr,  making  thrbe 
violet  fringes  at  a  lefs  diftance,  whilft  the  red 
jnakes  three  red  fringes  at  a  greater -diftance :  the 
^ean  rays  making  3  fringes  of  their  proper  co- 
Ipurs  at  rnean  iliftances  from  'the  ihadow  of  the 
b»ir.  In  the  white  light  thefc  variosts  -colours  are 
feparated  by  the  various  inBedion  of  the  rays,  «nd' 
tiwir  fringes  appear  all  together;  the  innermoft 
being  contiguous,  make  one  bro&d  friive,  cotn- 
pofed  of  all  the  colours  in  due  order,  the  violet 
being  next  the  fhadow,  and  the  red  fartheft  oif,- 
and  the  reft  in  their  places.  In  like  manner  the 
middlcmoft  fringes  conftitute  one  broad  fringe,  of 
all  their  colours,  and  the  outmOfl  fringe  compofe 
another  broad  fringe  like  the  reft;  and  thefe  are 
the  three  fringes  of  coloured  light  with  which  the 
ihadows  of  ail  bodies  are  bordered. 

From  thefe  and  fome  other  experiments  of 
the  fame  tendency,  it  may  be  inferred  that  the 
rays  of  light  are  influenced  by  fonf>e  power  that 
.turns  them  out  of  their  direift  road  j  and  as-  this 
,  power  bends  the  rays  not  into  the  fliadow  of  the 
bodies  from  whence  the  influence  is  fuppofed  to 
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proceed,  but  from  the  ihadow,  it  hu  been  con- 
lidcred  as  a  repulfive  power  which  ii  ftrongeft  ax 
the  leaft  diftance. 

Of  the  Actiom  of  Light  oh  Bodiei,  akd  that 
THE  Colour  of  PtANxs,  &c.  depends  on  Light. 

You  will  often  find,  that  philofophical  know>- 
ledge  makes  quicker  advances  by  reafoning  upon 
known  facts,  than  by  difcovering  new  ones,  which, 
though  they  enlarge  and  add  to  the  fubjeifts  we 
ought  to  reafon  upon,  are  apt  by  their  novelty  to 
furprife  us  into  hafty  undigefted  theories.  We 
"  have  a  ftrange  propcnCty  to  be  lookirw' either  be- 
hind or  before  us  for  variety;  iqftead  of  cultivating 
the  fruitful  fpot  we  ftand  upon.  I  am  led  to  make 
this  and  fome  of  the  following  obfervations  from 
the  fubjed  before  us,  which  has  been  too  much 
n^letfled  by  modem  [^ilofophcrs :  wc  have  trea- 
tifes  on  light,  as  feparated  and  divided  by  the 
-  prifm  ;  on  heat,  as  meafured  by  the  thermometer  { 
but  none  on  that  ocean  of  the  folar  fluid,  in  which 
all  bodies  are  as  it  were  immerfed  ;*  none  upon  the 
varipua  influences  of  the  fun,  upon  which  the  life 
and  activity  of  all  things  in  this  natural  world  de- 
pend. They  feem  to  have  forgotten,  that  the  pro- 
ceflcs  continually  carrying  on  in  nature,  on  every 
fide,  are  as  much  the  inftruments  of  knowledge,  as 
the  more  refined  apparatus  of  the  experimental 
philofopher.  Senfe  and  experience  acquaint  uc 
■with  the  courfc  and  analogy  of  appearances  or 
natural  elfei^s ;  thought,  reafon,  intellcS,  intro- 
duce us  into  the  knowledge  of  their  caufes. 

■  To  avoid  the  conjcftural  method  trf  fome  for- 
mer philofophers,  thofe  of  the  prefent  day  are  con- 
tinually   labouring   to    accumulate    unconne^ed 
fadls ;  thinking  every  new  form,  or  every  new  ap- 
pearance, 
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|Karance,  an  important  difcovery;  feldom  endea- 
vouring to  trace  out  their  conneilion  with  fupcriar 
and  inferior  caufea,  on  which  all  their  real  poweir 
and  at5livities  depend.  If  we  ftop  at  experiments, 
ivithout  proceeding  any  furtho-,  we  {hall  never  ar- 
rrve-auajjy  caufes ;  and  if  we  rely  wholly  upon  ex-, 
periment,  we  Ihatl  come  at  none  but  falfe  ones; 
pecaufc  the  principai  agent  io  nature  is  £b  fubtil 
idXo  elude  both  fenfe  and  experiment,  fo  that  they 
can  never  difcover  it.  chough  whim  we  have  been 
told  of  it  they  will  fejve  to  demonftrate  it'«  obfer- 
yations. 

The  »ncient8  paid  little  attcntign  to  experj- 
inental  philofophy, but  devoted  themfelvesj  with* 
truly  philofophical  ardour,  to  the  obfervaiion  of 
the  phenomena  of  nature :  and  that  procefs  was 
confonant  to  ibimd  reafon,  for  experiment  is  only 
properly  called  in  to  fill  up  the  chafm  which  lioi- 
ple  obfcrvation  necelTarily  leaves. 

The  department  of  experimental  philofophy  . 
is  the  unfojdii^  of  thoUe  phenomena,  whofc  caufei 
cannot  be  discovered  by  unalTiHed  reafon^  and 
whofc  connedi^n  ijL  cannot  trace ;  the  advance- 
ment therefore  of  {his  branch  offcicnce  dependi 
on  the  number  and  accuracy  of  our  obfervations 
.with  refpedt  to  the  rela;ion<  which  natural  objc& 
have  to  each  other.. 

It  has  been  wcjl  obi]brved  by  Dr.  G.  Fordycc^* 
{hat  "oU  .Qur  JuiowJedge  of  every  thing  whatever 
muA  arife  from  cxperime;>t  oply,  that  is,  from  the 
evidence  our  fenfe;  give  jjs  of  what  appearance! 
nature,  in  other  words,  fh;  ciie^tures  of  the  Al- 
mighty, give  impre/Uons  .of."  Yet  f  fome  of 
ihefe  impreflioijs  ^r.c  received  fropi  the  ideas  that 
^rife  from  thing*  not  at  aj]  under  our  dominion,  or 
from  circumll^ces  iqore  inin^edi^tely  governed  by 
the  Almighty.  Thus,  for  example,  a  man  fees  a 
^^e  lofe  It's  leaves  in  aututnn,  fee^  them  renewed 
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in  fpring,  and  a  new  growth  takes  place  durii^ 
the  fummert  he  fees  the  bkjflbms  open  in  the 
Jpringt  thele  he  finds  followed  by  the  fruit,  which, 
i^  it  mU  into  the  earth,  is  capable  of  producing 
jicw  trees  of  the  fame  fpecies ;  or  he  fees  it  ga- 
thered by  animals,  and  a^ording  nourithmem.  In 
this  mo^  of  acquiring  knowledge  man  is  totally 
'  paffive  t  he  did  not  contrive  to  make  leaves  fall  in 
.the  autumn,  and  be  reproduced  in  fpring  j  he  did 
not  contrive  to  make  new  wood  grow  in  the  fum- 
mer,  nor  thfw  bloflbmB  (hould  open,  that  the  feeds 
jhoutd  be  impregnated  with  the  embryo  ;  be  did 
not  c.oBtrive  that  tlie  fruit  Ihould  grow,  nor  did  he 
tCBch  animals  that  it  was  fit  for  their  nourifhinem. 
"What  knowiedge  is  acquired  by  attention  to  thefc 
natural  circumftanccs,  has  been  called  ob/ervaiion. 
It  is  mdeed  a  contemplation  of  the  benevolettce  of 
the  Almighty,  giving  nouriflinient  and  happincft 
to  all  the  inhabitants  ^  the  earth. 

*•  The  Tninds  of  mankind,  not  fatrsfied  with 
their  powers  -of  obfcrvation  of  what  paflcs  in  thi« 
earth,  but  being  even  forced  for  their  own  Aibfift- 
cnce  te  evert  thcmfelves  far  beyond  the  brute 
creation,  are  necefTarily  ted  to  majce  a  farther  nw 
<]uiry,4inddiat  with  a  labour  beyond  t^  contem- 
plation -of  the  feenevolence  of  the  Almighty.  To 
thofe  creatures  who  have  only  this  earth  to  eitifi 
in,  food  and  raiment  are  ailbrded,  without  labour 
or  attention,  during  the  fhort  period  -of 'their  .lives. 
It  isnet  fufiicient  ferthe farmer  to  look  wIkiv 
grain  grows  naturally;  it  is  neceffary  to  jDry,  with 
aji  infinite  variety  of  applications  than  m«y  be 
made  to  the  ground,  to  produce  crops  fuperier  to 
thofe  which  would  arife  in  it  without  any  cultiva^ 
tion.  It  is  neceffary  for  the  hunter  not  only  to 
obfcrvc  the  natural  hiftory  of  wiid  beafts,  but  alfo 
to  try  by  what  -means  he  can  engage  them  to  fall  into 
bis  toils.  It  is  necdffary  for  the  tifherman,  belides 
3  admiring 
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«dnfMrihg  the  multiplicity  of  fifh,  to  be  able  to 
contrive  eithtF  to  entangle  or  furprife  them  into 
his  nets.  In  many  other  cafes  it  is  neceflary  for 
raankiltct  not  only  to  contemplate  thofe  clings 
which  happen  naturally,  but  he  is  likewife  con- 
ftrained  to  form  projeifts  of  his  own,  and  to  con- 
trive means  of  putting  both  mind  and  matter  in  ' 
CircumKances  foreign  to  what  would  naturally 
arife  in  them,  and  contemplate  the  efFcib  j  and 
ihis  we  call  experiment. 

"  Thus  obfcrvarion  and  experiment  are  the 
jburees  of  all  the  knowledge  of  mankind. 

'*  Man  feems  to  have  a  degree  of  pride  planted 
in  his  nature,  which  prompts  him  conftantly  to 
confidcr  himfclf  as  being  far  fupertor  to  what  he 
aftually  is,  which  inftintft  is  the  fitreft  proof  that 
be  is  to  be  very  fuperior  indeed.*  But  as  alt  the 
yirtiies  of  man  are  ballanced  by  oppofite  imperfec- 
tions, the  pride  of  experiment  has  often  thrown 
feience  into  confufion,  inflead  of  advancing  it':i 
progrefs.  An  experiment  to  prove  a  thing  other- 
wife  demonftrable  is  totally  fuperfluous,  and  not 
only  fuperfluous  but  fallacious." 

Another  circumftance  which  injures  philofo- 
phical  purfuits,  and  retards  their  progrefs,  is  the 
negleifl  of  old  principles  as  foon  as  new  ones  are 
aflumcd,  as  if  their  efficiency  ceafed  iminediatelyj 
like  that  ofoldminifters  of  llate  upon  the  introduc- 
ing of  new  ones.  If  the  placica  of  their  predecef- 
Ibrs  were  not  loft  fight  of  or  ncglcifted,  they  would 
iboner  attain  the  end  of  their  inquiries,  than  by 

being 

'  Ev«fy  vanity  of  man  f>iews  his  degraded  ftaie,  and  from 
what  dignity  he  hat  Fallen.  Did  not  man  find  and  feel  that  he 
it  a  pool  prironei  in  the  valley  and  Hiadow  of  death,  he  would 
no  more  nave  any  oF  ihnfe  inCtinfls  alluded  lo  above,  nor  any 
Teaching  defire  after  alt  the  heauiiesof  fallen  nature,  tfian  lhe<« 
lo  have  hia  pi&uie  indoTcd  with  beautiful  walls  and  paiued 
gates. 
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being  fo  imenc  on  their  own  dHcovoies  m  9a  iMg« 
h&,as  ntbbtfh*  all  thofc  circumiiancet  chacweto- 
fenneriy  of  fuch  moment. 

That  light  and  fire  ace  fubftanciaUy  the  fame* 
or  different  modltications  of  the  famo  fluid,  ia  evi- 
dent from  their  commutability,  or  their  recipcocai 
generation  of  each  other.  For  as  firo  neccllarily 
generates  light,  and  thus  difcover*  itfelf  to  thtt 
lenfc  of  feeing  as  infallibly  as  ta  the  feelii^ }  fo 
light  conveyed  to  a  focus,  conftitutw  pure  fire* 
Ijght  and  heat  are  propagated  by  the  fame  laws : 
they  3L&  in  ftrait  lines  t  they  diffufe  thcmfeWes 
from  a  center  outward ;  their  powers  decay  ac** 
cording  to  their  diftanccs  from  the  centers  from 
which  they  are  irradiated ;  they  are  fubjetfi  to  the 
£ime  laws  of  refleiflion. 

Notwithftanding  that  the  phenomena  of  na- 
ture, which  tend  to  afcertain  beyond  doubt  that  the 
matter  of  common  light  or  Bre  pervades  all  nature 
and  fills  alt  things,  are  exceeding  numerous,  and 
obvtdus  to  every  eye  ;  yet  the  whole  has  been  over- 
looked as  an  accidental  filtration,  implying  no 
confequences,  nor  interfering  with  the  various  pro- 
perties of  bodies,  notwithltanding  it's^accefs  to 
their  inncrmort  pcnotrah'a. 

Our  globe  itfelf  feems  to  be  nothing  more 
than  an  accumulation  of  tcrreftrial  materials,  intro- 
duced into  the  boundlefs  ocean  of  the  folar  fluid,  for 
a  theatre  on  which  itmaydifplay  it's  inexhauftible 
power  and  energy  ;  the  mafs  being  fo  difpofcd  and 
arranged  by  it's  author  as  to  become  a  feminal  bed 
of  ni:iccrials,  to  be  pierced  and  animated  by  lights 
and  from  which  materials  light  cfui  extricate  all 
the  forms,  and  generate  all  the  powers  in  nature. 

Without  this  principle  all  that'we  call  body 
would  remain  for  ever  an  inattivc,  paffive,  incohe- 
rent calx.  Water  by  it's  iranfparency  evidences 
to  your  fctifcs,  that  light  has  fice  accefs  into  and 
9  througii 
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through  it's  fubfhmce.  By  the .  volatilization  of 
water  it  is  equally  evident,  that  light  or  Hre  has 
not  only  acccfs  to  it's  interfticea,  but  penetrate* 
and  occupies  it's  limilar  elementary  particles^  in 
the  conformation  of  which  particles  the  character 
of  water  confifts.  Thefe  particles  could  not  be 
rendered-  volatile  but  by  internal  dilatation,  nor 
could  they  be  dilated  but  by  fomething  that  reached 
their  internal  parts  ;  they  have  their  individuality 
as  feparable  elementary  particles,  as  well  as  their 
fimilarity  of  cKaratfter  preferved  by  the  asthcrial 
principle  pofTcffing  them.  __  If  the  natural  life  of 
'  all  things  depends  on  the  aiftivity  communicated 
to  them  by  the  fun,  is  it  not  evident  that  it  is  the 
fame  influence  which  muft  generate  and  maintain 
that  life  in  all  it's  fpeclHc  charaders,  in  every 
being  according  to  it's  kind  ? 

When  the/«»  is  faid  to  rule  over  the  day,  and 
to  have  been  made  for  this  end,  what  elfe  can  be 
underftood  but  that  he  a<fls  as  a  vicegerent ;  and 
is  invefted  with  a  mechanical  power  of  giving 
light,  life,  and  motion,  to  fuch  objeds  as  are  or- 
dained to  receive  his  imprelTions  ?  All  nature  re- 
vives, and  puts  on  a  new  face,  when  he  approaches 
us  in  fpring;  and  finks  into  a  temporary  death,  at 
his  departure  from  us  in  the  winter.  That  he  a<a» 
in  a  mechanical  manner,  is  alfo  certain,  becaufe  a 
chain  of  matter  is  continued  all  the  way  from  the 
agent  to  the  objedt.  His  power  confifis  not  in 
any  immaterial  quality,  becaufe  it  obfcrves  the 
fame  geometrical  law  with  the  difFufion  of  it's 
light;  and  his  efficacy  upon  the  produtftion  of  the 
earth  is  greatcft,  when  the  greateft  angle  is  formed 
between  jhe  horizon  and  his  rays.  A  good  tele- 
fcope  will  fhew  you  what  changes  are  produced  in 
the  refradlion  of  the  atmofphere,  and  what  a  tu- 
mult arifes  in  the  air  from  the  agitation  of  the  fun- 
beantf  in  the  heat  of  nooa-day  i  the  heaven  feems 
tranrparent 
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tranfparent  iod  undifturbed  to  the  najced  eyev 
while  a  ftorm  ia  raifed  in  the  air  by  the  impulfe  of 
'light,  not  unlike  what  is  raifedin  the  waters  of  the 
fca  by  the  tmpetuofity  of  the  wind.  It  increafes 
with  the  altitude  of  the  fun  ;  and  when  the  evening 
comes  on,  it  fubfides  afmoft  into  a  cafm,* 

Light  is  now  no  longer  coofidcred  by  che- 
jniftsjf  merely  as  afi  ideal  fubftance ;  they  perceive' 
it's  inftuence  in  many  of  their  operations,  and  as  it 
modifies  many  of  their  refults,  they  find  it  necef- 
fary  to  attend  to  it's  adtion. 

The  cffcdts  of  light  are  more  evident  'in  the 
phenomena  of  nature,  than  In  the  experiments 
performed  in  the  laboratory. 

Light  IS  abfolutefy  neccllary  to  plants;  vegeta- 
rion  does  notfucceed  without  it  ;  deprived  of  this 
principJe,  they  become  pate,  tanguifh,  and  die.  It 
appears  from  incontcftiblc  fads,  that  the  root  of 
the  moft  variegated  flower,  though  excluded  from 
the  external  air  under  a  glafs  verftl,  will,  provided 
it  be  daily  expofcd  to  the  light  of  the  fun,  arrive  at 
it's  utn:ioft  perfection  both  with  refpecft  to  fragrance 
and  colour  J  but  if  the  procefs  be  rcverfed,  and  the 
air  admitted  without  the  light,  the  flower  may 
perhaps  grow  to  it's-  natural  lizc,  but  we  (hall  in 
vain  look  for  that  beautiful  variety  of  vivid  co- 
louring, and  that  exquifite  perfume  which  nature 
beftows  on  every  individual  of  the  fpecies,  when 
permitted  to  imbibe  and  enjoy  the  folar  beam. 

The  fame  fait  is  further  evinced  by  a  variety 
of  experiments  by  feveral  French  academicians,  in 
which  ihe  light  was  admitted  to  one  part  of  a 
plant,  and  excluded  from  the  others.  The  inva- 
riable effect  of  this  was,  that  the  part  cxpofcd  to 

the 
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tnefim  was  of  a  lively  green,  while  that  which  was, 
fliadfcd  continued  of  a  difagreeabic  pale  colour » 
nay,  fo  powerful  arc  the  cffedts  of  the  fun's  light 
on  vegetables,  that  when  deprived  of  it,  their  tafte 
and  other  native  properties  undergo  fuch  a  change^ 
that  fome,  in  their  nature  poifonouB,  become  a  fafe 
and  wholcfome  food.  Without  the  influence  of 
light,  vegetables  would  exhibit  one  lifelefs  colour^ 
and  are  deprived  of  their  beautiful  fhades  by  the 
interception  of  the  luminary  fluid.  On  thefc 
principles,  cclery>  endive^  and  other  plants,  are 
iUaebed. 

All  thefe  circumftances  evidently  (hew,  that 
there  is  fomething  in  light  abfolutely  -neceflary  td  , 
vegetable  life.  Hence  all  plants  fliew  a  remarka- 
ble fenlibility  to  the  light ;  they  expand  thciF 
leaves,  and  open  their  flouers  to  the  fun,  and  clofe 
them  the  moment  he  difappears.  Many  accurate  ex- 
periments prove,  that  it  is  not  the  heat  but  the  light 
of  the  fun,  that  caufes  them  to  turn  to  him.  A  plant 
in  a  room,  where  there  is  a  fire,  turns  it's  flowers 
to  the  light  which  comes  from  the  colder  lide. 

Many  experiments  (hew,  that  the  change  of 
polition  in  the  leaves  of  plants,  at  different  periods 
of  the  day  and  night,  is  entirely  owing  to  the 
agency  of  light.  The  upper  furface  of  leaves, 
which  arc  fuppofed  to  be  their  organ  of  refpira- 
tion,  feems  to  require  light  as  well  as  air ;  for 
plants,  which  grow  in  windows  on  the  infide  of 
houfes,  are  as  it  were  felicitous  to  turn  the  upper 
fides  of  their  leaves  .to  the  light.  This  agent  is 
fubtil,  adlive,  and  penetrating  ;  by  the  fmaHnefs 
of  it's  conflituent  particles,  it  is  capable  of  enter- 
ing all  bodies,  and  from  it's  adivity  of  producing 
great  eifedta  and  confiderable  changes  therein. 

Vegetables  are"  not  only  indebted  to  the  light 

for  their  colours,  but  Ukewife  for  their  fmeil,  tafte, 
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comlMiftibiliiy,  maturity^  and  the  rdinous  princi- 
plci  which  equally  depend  upon  this  fluid.*  The 
aromatic  fubliances,  relins,  and  volatile  oil,  are  the 
inheritance  of  fouthern  climates,  \vhere  the  light 
H  more  pure,  conftant>  and  intenfe.  All  thefe 
circumlbinces>  it  is  hoped,  will  concur  to  make 
you  attentive  to  the  nature  and  office  of  the  /«». 
The  fun  is  the  united  power  of  fire  and  light,  and 
by  thefe  powers  calls  forth  from  the  earth  a  beau- 
tiful variety  of  vegetable  life,  cloathing  them  with 
it's  own  brightnefs  and  beauty,  and  rendering 
them  holders  and  difplsycrs  of  all  it's  colours,- 
powers,  and  virtues. 

The.  influence  of  light  is  evident  on  other  ani- 
mated beings  :  worms  and  grubs,  which  live  in  the 
earth  or  in  wood,  are  of  a  whicifti  colour.  Birds, 
and  flying  infedts  of  the  night,  are  Hkewife  diftin- 
guifhable  from  thofe  of  the  day  by  the  want -of 
brilliancy  in  colouring  i  and  the  difference  is  ftill 
more  marked  between  thofe  of  the  north  and  of 
the  fouth. 

A  very  aftonifhing  property  of  lighi  upon  the 
Tegetable  kingdom  is,  that  when  vegetables  are 
expofed  to  ppen  day-light>  or  to  the  fun's  rays,, 
they  emit  vital  air.f 

It  has  been  proved,  that  the  fun  does  not  aft 
in  the  produdion  of  this  phenomenon  as  a  body 
which  heats.  The  emifTion  of  the  tfir  is  deter' 
mined  by  the  light ;  purg  air  is  therefore  fepa- 
rated  by  the  action  of  light,  and  the  operati<Hi  is 
ftronger  as  the  light  is  more  vivid.  It  would  feem 
that' Tight  favours  the  work  of  digeftion  in  the 
plant,  and  that  the  vital  air-  which  is  <me  of  the 
principles  of  almofl  all  the  nutritive  juices,  moie 
cfpecially  of  water,  is  emitted  when  it  finds  np^ 
Jiibltaace 
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fubftance  to  rombine  with  it  in  the  vegctabiei 
HcDce  plantSi  whofe  vegetaUon  is  the  inoft  vi- 
gorous, afford  the  greateft  quantity  of  ait. 

By  this  continual  cmiflion  of  vital  airi  the  Au- 
thor of  nature  inceffantly  repairs  the  lofs  thereof 
occafioned  by  refpiration,  combuftion,  anti  the  iU 
jeration  of  bodies,  including  every  kind  of  fermcn-' 
tation  and  putrifaftion  i  in  this  manner  the  equi- 
librium is  always  maintained  between  the  conTli* 
tuent  parts  of  the  atmofphere* 

Scheele  and  Berthollet  have  fliewn,  that  th« 
abfcnce  or  prefence  of  light  has  an  aftonifhing 
cffed:  upon  the  refuU  of  chemical  experimentSi 
Light  dtfengages  vital  air  from  fevcral  fluids,  fuch 
as.  the  nitrous  acidj  dephlogifticated  marine  acid« 
tec. }  it  reduces  the  calces  of  gold,  filVer,  &c. ;  it 
changes,  according  to  Mr.  Berthollet,  the  nature  o( 
oxigenated  muriates  M.  Chaptal  has  fbewn,  tha£ 
it  determines  the  phenomena  of  vegetation,  exhi- 
bited by  faline  folutions.  Thefe  circumflances 
Ihcw  the  importahcc  of  light,  and  how  much  it's 
agency  in  nature  fliould  be  attended  to  by  every 
philofopher:  beat  often  accompanies  light,  bull 
fome  of  the  phenotnena,  we  have  mentioned,  can- 
not be  attributed  to  mere  heat;  heat  may  indeed 
modify  them  where  it  exiflsj  but  is  not  the  pro- 
ducing caufe. 

There  are  many  inftances  where  the  aflion  of 
the  folar  light  contributes  to  the  dcftruifiion  of 
colour,  and  inftead  of  extricating  vital  air,  fixes  it^ 
and  {produces  a  kind  of  combuftion.  In  like  man- 
ner phofphorus,  while  in  the  dark,  is  not  afFefted 
by, the  oxigenated  muriatic  acid,  even  affifted  by 
heat  J  but  when  the  adtion  of  light  concurs,  it  is 
converted  irtto  phofphoric  acid." 

A  variety  of  faote  (hew,  that  vital  air  U  ca^a'f 
,  Hha  ,    -kU 
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blc  of  whitening  or  rendering  paler  the  colouring' 
matter  with  which  it  unites,  perhaps  by  having 
produced  on  them  the  cfFcifis  of  a  flight  combuf- 
tion.*  Vital  air  has  Qonliderablc  influence  on  the 
colouring  particles  of  vegetables  j  thefe  are  formed 
chiefly  in  the  leaves,  flowers,  and  inner  Bark  of 
trees,  and  by  degrees  they  undergo  a  flight  com- 
buftioii :  hence  mofl  trees  contain  fawn-cobured. 
particles. 

The  manner  in  which  the  fun  aiSs  upon  co- 
lours may  be  fcen  by  examinir^  the  appearance* 
prefented  by  a  folution  of  the  green  pait  of  veg<t- 
tables  in  alcohol. 

If  fuch  a  folution,  which  is  of  a  fine  green  co- 
lour, be  expofcd  to  the  fight  of  the  fon,  it  very  foop 
acquires  an  olive  hue,  and  lofes  it's  colour  in  a  few 
minutes.  If  the  light  be  weak,  the  effccl:  is  flower ;. 
and  in  perfed:  darknefs  the  colour  remains  without 
alteration,  or  requires  a  great  length  of  time. 

M.  Berthollet  inverted  over  mercury  a  bottle 
halffuflof  this  green  folution;  when  the  colour 
was  difcharged,  the  mercury  was  found  to  have- 
rifcn  in  the  bottle,  and  confequeully  vital  air  had 
been  abforbed,  the  air  having  united,  with  the  co- 
louring matter;  on  evaporaLing  this  liquor,  it's 
colour  was  immediately  rendered  darker,  and  be- 
came brown  :  the  refiduum  was  black,  and  in  the 
ftate  of  charcoal. 

The  light  feemed  therefore  to  Save  produced 
it's  cfTecl.by  favouring  the  abforption  of  vital  air, 
iind  the  combuftioft  of  the  colouring  matter  ;'  (he 
marks  of  combuftion  are  not  evident  at  firft,  but 
by  the  afliftancc  of  heat  the  liquor  becomes  brown, 
and  leaves  a  black  refiduum.  If  the  veflel  con- ' 
Caining  the  liquor  holds  no  vital  air,  the  light 
bias  no  efi'ei^  on  the  colouring  matter. 

The 
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The  efFetfls  of  light  onthccolour  ofwood 
fliave  been  long  obferved ;  k  preferves  it's  natural 
appearance  while  kept  in  the  dapk,  but  -when  cx-i 
poled  to  the  light  it  becomes  yello*.  brown,  or  of 
other  Ihades.  M.  Scnebier  found,  'that  the  changes 
were  proportioned  to  -ihc  brightnefs  cif";rfie  light; 
that  feveral  folds  of  ribbcm  were  required  to  de- 
fend the  wDod  completely,  that  a  fingle  leaf  of 
black  paper  was,  fufficieni ;  but  that  when  paper 
of  any  other  colour  was  fubjlituted,  the  change  was 
ROt  prevented ;  a  fmgle  covGring  of  white  paper  was 
infufficient,  but  two  intercepted  the  adrion  of  the 
light,  Thefe  =ob£crvations  are  important,  as  they 
prove  that  light  can  pafs  through  coverings  that 
appear  to  be  opake,  and  exerts  it'«  energy  at  fome 
diitance  within. 

M.  BerthoUet  put  tin&ure  of  tumTble  in  cpR- 
t-atf^  with  yitat  air  over  mercury ;  one  parcel  he 

{placed  in  -the  dark,  the  other  was  expofed  to  -the 
ight  of  the  ifun  j  the  former  continued  unchanged 
£br  a  confidcrable  lei^th  of  time,  and  the  vital  ab: 
was  not  diminifhed ;  the  other  loft  much  of  it's 
colour,  became  red,  and  the  air  was  in  a  great  mea- 
Aire  abforbed,  and  a  fmall  quantity  of  Bxad  ai-r 
was  produced,  which  no  douot  had  gccofioned  the 
change  of  colour  from  blue  to  red. 

This  obfervation  may  lead  us  to  form  an  idea 
of  fome  of  -the  changes  produced  by  a  particular 
difpoTition  of  the  component  parts  of  ^vegetable 
fiibflancies.  when  by  the  combination  of  vital  air 
they  undei^o  the  effecls  of  a  flight  combuflion, 
which  -may  generate  an  acid  j  as  in  the  leaves  in 
autumn,  which-grow  red  before  they  become  yel-- 
low,  and  in  the  ftreaks  obfwvable  in  flowers,  whofe 
vegetation  is  growing  languid.  ' 
■  -  The  fuccefs  of  the  prefent  age  in  arts,  expe- 
riments, and  new  fyftems,  is  very  apt  to  elate  the 
fitintls  of  men,  and  nuke  them  ov£rtook  the.  ui* 
■  H  h  3        -  cicnu. 
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tkntit.  Bu<  notwiihfUnding  the  eitcouragelrnent 
tn6  pufft  of  princes,  and  the  united  endeavours  of 
gr«;at  fociccies  in  thefe  later  ages,  have  extended 
Vxperiraeiftal  and  mechiDtcal  knowledge;  ya  it 
Xmitt  be  owQtdf  the  ancients  were  not  ignorant  o£ 
ntany  things^  which  are  now  rnore  generally,  though 
jiot  firft  luiown.  Their  notions  of  fire  and  Ughc^ 
the  refult  of  obfcrvation,  were  for  the  moft  part 
iufl:.-  They  confidercd  the  principles  of  motioa 
9nd  vegetation  as  delibations  fr*orn  the  invifible 
Src  of  the  univcrfe,  which,  thoiigh  prefent  to  aU 
things,  is  not  nevcrtheleft  one  way  received  by  alU 
fcut  variouQy  imbibed,  attraAed,  and  fecreted  by; 
the  fine  capiUaries  and  exquifite  ftrainers  in  tti« 
bodies  of  plants  and  animals,  and  is  thereby  mixe4 
and  detained  in  their  juices,  They  fuppofed  tho 
elaborate  fpirit,  whereon  the  charafter,  diftin- 
g^ifhing  virtue,  wd  properties  of  the  plant  dC'*- 
pend,  Co  be  of  a  luimnous  and  volatile  nature. 

It  was  from  4n  etherial  ^nd  luminous  fluiji 
that  they  derived  the  many  and  various  qualities* 
vJrtueSj  odours,  flavours,  and  colours,  which  diftin* 
jguilh  natural  produdiions;  conceivir^  that  the. 
original  particles  produj^ive  of  thefe  propertiet 
were  diveflely  feparated,  and  attradlcd  by  die  va-r 
rious  fubje<fls  of  the  animal,  vegetable,  ^nd  minend. 
kiilgdomSj  which  thereby  become  clalTed  intq 
kinds  i  and  indeed  with  tnofe  diltiniS:  propertjo^t 
which  contiMfed  till  their  feveral  forpis,  or  fpecific 
proporttoiu  of  fire,  Kturned  into  (be  Commoo 

,  They  corrfidered  all  the  appearances  of  fire, 
•ven  in  earthly  things*  m  fomcthing  of  a  heavenly^ 
exalting,  and  glorious  nature  ;  as  that  which  dif> 
perfcs  death,  darknefs,  and  groffne/i,  and  raifcs  tip 
fhe  power  and  glory  of  every  ii/e;  that  it  was  fel- 
dom  fecn  in  this  world  but  a&  a  dtfiroyer,  a  canfumer^ 
mid  refiner  (rf  grojfne/s  ,-  at  a  ki«dier  sf.  life  ,and 
?         .        ■  Kghv 
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light  out  sf  death  and  darknefs ;  chat  fo  much  at 
any  thing  had  of  light,  fo  much  it  had  of  heaven  j 
and  that  this  was  rendered  evident  in  the  power 
of  the  fun,  and  manifefted  in  the /^/irir// of  founds, 
the  beauty  of  colours,  i^iz  fragrance  of  fmefls,  and; 
the  ricbnefs  of -tafte. 

Before  I  finifh  this  Ledure,  I  muft  make  1  fur* 
ther  obfervation  on  colour,  on  account  pf  the  mif- 
chievous  inferences  deduced  from  the  Newtonian 
theory,  by  Voltaire  and  fome  other  infidel  writers. 
Thefe  men  fuppofe  that  light  and  colour,  as  ap- 
prehended by  the  im^ination,  are  only  ideas  in 
the  mind,  and  not  qualities  that  have  any  exiftcnce 
m  matter.  Strange  as  this  'may  feem,  it  has  been 
univerfally  received,  and  confidered  by  fome  as  one 
of  the  nobleft  difcoverics  of  modern  philofophy. 

By  colours  all  men,  who  have  not  been  tutorc<f 
in  this  fchool,  underftand  not  a  fenfation  of  the 
mind,  which  can  have  'no  exigence  when  it  is  not 
perceived,  but  a  qualityandmodiflcation  of  bodies, 
which  continues  the  fame  whether  it  be  fcen  or 
not.  The  fcarlet  rofe,  which  is  before  me,  is  ftiU 
a  fcarlet  rofe  when  I  Ihut  my  eyes,  and  was  fo  at 
midnight  when  no  eye  faw  it ;  the  colour  remains 
when  the  appearance  ceafcs  ;  it  remains  the  fame 
when  the  appearance  changes ;  for  when  I  view 
this  fcarlet  rofe,  through  a  pair  of  green  fpedhicles* 
*hc  appearance  is  changed  ;  but  I  do  not  conceive 
rtie  colour  in  the  rofe  to  be  changed.  To  a  perfon 
in  a  jaumUce  it  has  ilill  another  appearance,  but 
be  M  t2^i\y  convinced  the  change  is  in  his  eye,  not 
ift  the  colour  of  the  objeft.  We  can  by  a  variety 
of  epical  experiments  change  the  appearance  of 
lifure  and  magnitude  in  a  body,  as  well  as  that  of 
Cc4our ;  we  can  make  one  body  appear  to  be  ten. 
But  no  man  believes  the  multiplying  glafs  really 
produces  ten  guineas  out  of  one;  in  like  manner, 
fio  one  believes  the  coloured  glaf$  changes  the 
H  h  4  teal 
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Bcal  colour  of  the  objed  fceo  through  it,  when  it 
alters  the  appearance  of  that  colour. 

Colour  is  not  a  fenfatlon,  but  a  frcondar/ 
quality  of  bodies,  whereby  in  fair  day-light  they 
exhibit  a  certain  and  well  underllood  appearance  t 
and  there  ts  a  real  permanent  quality  in  bodies,  to 
vhich  the  common  ufeof  this  word  agrees*  H^d 
modern  phtlofophers  given,  as  they  ought  to  have 
done,  the  name  of  colour  to  the  caufe  inftcad  of  to 
the  etfetit,  they  would  not  have  fet  philofophy  ap- 
parently in  contraditftion  with  common  fenfe ;  for 
they  muft  then  have  affirmed  with  the  vulgar,  that 
colour  is  a  property  of  bodies,  and  that  there 'it 
nothing  like  it  in  the  mind>  Tl^etr  language  4s 
■well  as  their  fentiments  would  have  been  perfectly 
■agreeable  to  the  common  apprehcnlions  of  ip^-r 
l^ind,.  and  true  phijofophy  woulfl  have  joined  hand« 
with  common  ienfe.* 

Inftt-ad  of  feeking  objedions  againfl  revela- 
tion from  every  appearance  in  nature,  the  true 
philpfopher  finds  abundant  ground  therein  to  con- 
firm and  cftabtiih  his  faith ;  he  learns  from  the 
Ijdaptation  of  objefls  to  the  fenfqs,  the  abfurdity  of 
thofe  infidels,  and  their  want  of  knowledge  in  the 
human  underftanding,  who  require  for  convidioij 
a  Itronger  evidence,  in  the  objedb  of  faith,  than  is 
^o  be  offered  for  thofe  of  the  other  faculties, , 
.  ,  In  examining  the  objedis  of  various  parts  of 
intellect,  do  not  we  find  men  at  a  lofs  to  prove  in 
what  manner  they  cxift  ?  Do  they  fufpcnd  their 
affent  tu  the  reajity  of  a  rofe,  till  they  can  explain 
why  the  leaves  are  of  a  different  colour,  odour,  and 
Ihape,  from  thofe  of  the  lily  ?  or  why  they  arc  of 
any  particular  frncU,  fliape, .or  colour?  Is  it  an 
pbjedion  to  the  evidence  of  the  eye-fight,  that  the 
/bunds  of  a  violin  are  iniperceptibic  by  that  organ^ 
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cw  bccaufe  neither  fortiv  nor  found  are  the  ob* 
■je<5ls  of  reaXon,  that  neither  of  themexifts?  Would 
not  a  geometrician  treat  with  contempt  the  perfon 
who  would  deny  the  reality  of  the  properties  of* 
fqoare,  bccaufe  they  arc  irrecMicilcable  with  thofe 
of  a  circle  ?  All  that  i&  required  in  thefe  inftances, 
is  a  confentancous  difpofition  in  the  obje<fts  and' 
the  faculties  to  impart  and  receive  thofc  ideas,  and 
the  mind  rcfts  convinced  of  their  realities. 

The  utility  and  pleafure  which  are  derived, 
from  the  fenfes  are  the  great  proofs  which  fatisfjr 
men  of  the  reality  of  the  objeiis  of  them.  Up 
■whofe  eye-fight  prevents  him  from  running  over 
a  precipice,  whofe  ears  are  delighted  with  the 
powers  of  harmony,  can  entertain  no  doubt  of  the 
exiftencc  of  thofe  objeds  ;  and  whoever  fhould  at- 
tempt to  prove  that  the  firft  was  not  feen,  and  the 
latter  not  heard,  would  inevitably  render  himfelf 
an  oh]t&.  of  ridicule;  And  is  not  a  man  equall/ 
ridiculous,  who  denies  that  the  objeds  of  faith  are 
real,  though  he  is  every  day  acquiring  happinefe, 
and  obtaining  feciirity,  as  the  refult  of  them  ?  The 
adaptation  of  the  defines  of  faith  to  the  nature 
of  mi^n,  and  the  fuperior  utility  arifmg  froln  it,  are 
the  ftjongeft  proofs  of  it's  divine  original ;  their 
principles  correfpond  to  the  faculties  and  wants 
ef  human  nature,  and  it's  precepts  to  their  wcU 
fare. 

To  deny  thefe  proofs  would  be  to  rejedt  all 
moral  evidence,  and  even  the  cxiftence  of  a  Deily. 
Wheii  we  perceive  all  parts  of  matter  fitted  to  the 
ufes  of  creation;  when  we  fee  that  rain  and  fun  arc 
neceflary  to  vegetation,  and  that  the  order  and 
courfe  thereof  is  fuch,  that  they  never  fail  the  pur- 
pofcB  of  their  intentions ;  is  it  poHible  to  deny  the 
providence  of  zfupreme  intelligence  ?  In  like  man- 
ner, when  it  is  difcovered  that  all  parjs  of  our  re- 
ligion coincide  as  pcrfe(5lly  with  the  nature  of 

man 
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mm  and  hh  welfare,  is  it  not  equally  abfurd  t«  rt- 
jed  it  as  proceeding  from  the  fame  fource? 

Whoever  C(Hiutlt»  the  fenfattons  «f  his  own 
mind^wiltfeel  the  evidence  ofthe  hereditary  evil  of 
man  as  evincing^  as  the  dry  leaf  is  expreflive  of  it's 
Irswing  been  in  a  more  perfeft  ftate.  What  arc 
^e  [^feiHiinetn&  and  prefag«s  of  the  foiil,  hut  the  - 
Remains  of  a  more  perled  intelligence  ?  And  what: 
is  that  abatement  of  pleafure  which  tnjoymene 
M^<9*  compared  with  the  felicity  imagifiation  • 
preconceives,  but  an  indication  of  the  defeat  in 
iHtman  faculpes  ?  Like  the  evanefcent  colours  of 
a  dectinii^  nil^,  they  pronounce  their  former  ex- 
cellence. 

The  fenfe  of  degradation,  and  of  it's  being  ir- 
remediable by  the  powers  of  man,  creates  VK^e 
defires  in- the  human  breaft  which  are  confianc^ 
yearning  after  a  better  ftaie,  and  the  belief  of  the 
Ifccefllity  of  a  more  pcrfe<ft  being  to  reftorc  it.  Here 
ihe  idea  of  infuiite  mercy,  infeparable  from  the 
Drvine  Being,  leads  the  foul  to  fee  that  it's  redemp- 
pan  cvR  only  be  accomplilhed  by  the  StipreiiM- 
fietnc.  Thus  yoB  may  perceive,  tlrat  the  truths  of 
chriftianity  arc  obrioos  and  plain;  they  fpeak  the 
language  of  nature ;  and  all  nature  is  ntpreflive  of 
dtt  fenfe  and  feuttd  thereof ;  and  points  out  the  ne- 
ceilkyof  a  rsdbemer,  whoie  exiftence  andiniluence 
is  asextenfive  as  nature  ttfelf. 

To  Ihe*  that  nothing  uader  him,  "irt  whom 
we  live,  and  move,  «nd  have  our  being,"  could  re- 
deem us,  our  REbstNTER,  when  he  had  fhrouded'  hit 
aiAVTv  with  the  veil  of  mortality,  gave  hourly 
-  and  ocular  proofs  of  his  godhead  by  the  extent  <mF 
his  power  iri  and  over  all  things.  "  In  his  woRd 
was  UFB,  in  his  breath  was  healing,  and  HckneHi 
grew  found  a^  mis  fight ;  the  lame  iprang  up  a< 
HIS  bidding,  by  him  the  deaf  ear  was  opened,  mi 
the  dunjJ)-  tongue  loofcd  to  utterance ;  m  poure4 
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the  beams  of  his  light  upon  the  new  opening  eyes 
of  the  blind-born  gazer;  death  fled  before  uiMiand 
amidft  the  tombs  his  wxird  was  life  and  rejurrec- 
tion;  the  temfefi  heard  iiis  voice  and  was  ftilJ :  die 
earth  trembled  with  reverence;  and  the/(?a  fpread 
,itfelf  asa  carpet  beneath  the  foot  of  her  creatos. 


'Yet 


**  Even  all  hit  mighijr  irorhs  to  Qte  im(act»  - 
"  But »  ihey  greatly  ferve  to  aurhorize 
**  The  mistier  words  he  uilered — ai  the  eye 
'"  Beanwitndstothe  Hgh(,orthe  ch2nn*dear 
**  To  tuitehil  ODcluIation  ;  fo  the  heait 
'*  Strikes  uairon  to  his  great  i|w  of  LOVl, 
**  And  piuvs  htt  miffioo  all  m-vihs."^ 


tECTURE 
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LECTURE    XXII. 
Oh  Telescopci. 


INouri«ft  Letfturcs,  I  endeavoured  lo  render  plain 
and  eafy  to  your  comprchcnfion,  fome  of  the 
great  (JJfcoveries  of  Sir  Isaac  Newton,  who  fur- 
pa9ed  himfelf  in  his  Theory  of  Light  a^Cotours,  as 
much  as  he  had  exceeded  others  in  his  Prtncipia, 
Boih  ihefc  wo»ks  (rive  tcftimony  ta  «he  depth  and 
ciearncfs  olhis  inrcHcit,  his  Jkill  in  conducting  ex- 
periments^  and  ihc  coiiiprehenlive  force  of  hit 
mind.  But  far  as  he  has  penetrated  into  the  rc- 
tcScs  of  light,  the  fame  Lcd:mes  muft  have  con- 
vinced you,  that  many  appearances  are  yet  unex- 
plained, many  difhcultie's  are  yet  unexplored  ;  and 
^  that  the  inl^anccs  are  numerous' which  prove,  that 
the  inward  conititution,  the  real  caufes,  and  con- 
ncclions  of  the  moft  obvious  phenomena,  arp  be 
yond  your  apprehenfion-.  ' 

Vanity  in  any  man  ts  wcaknefs;  but  a  Vain 
philofopher  is  the  moll  abfurd  among  men,  for 
every  new  difcovcry  dcmooftrates  his  imbecility  ; 
every  new  efFctl  that  is  brought  to  light,  ferves 
only  to  convince  him  of  innumerable  othcre  which 
remain  concealed,  and  of  which  he  had  no  previous 
knowledge  :  the  works  of  God  are  too  vdft,  and  of 
too  large  an  extent  for  our  capacities.  There  is 
fuch  an  expanfe  of  power,  wifdom,  and  goodnels, 
in  the  formation  of  the  world,  as  is  too  mighty  for 
our  grafp,  too  much  for  us  to  comprehend.  Power, 
wifdom,  and  goodiiefs,  are  manifefi  to  us  in  all  thofe 
■works  of  God  which  arc  within  our  view :  but 
thereare  likewife  infinite  ftores  of  each  poured 
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forth  throughout  the  immenfity  of  the  creation,  no 
part  of  which  can  be  underftood  without  taking  in 
it's  reference  and  refpcdl:  to  the  whole,  and  this  13 
beyond  the  reach  of  human  faculties.  5«  wApw 
bath  the  root  ofvji/dom  been  revealed  ?  or  wbo  'hath 
known  ber  wife  counfels  ?  There  is  one  wife  Mid 
greatly  ia  te  feared,  the  jLoRD  fitting  upon  hit 
throve.  Hi  created  ber,  and  farjo  her,  and  miM' 
iered  ber,  and  foured  her  out  upon  all  bis  works. 

Thcfc  rcfleftions  naturally  occur  to  the  mind 
when  it  contemplates  the  difcovery  of  the  telc- 
fcopc,  and  the  advantage  arifing.  from  it ;  for  who, 
rcaioning  a  priori,  could  have  imagined  that  the 
refra(Sion  of  light  in  glafs,  the  fame  power  fay 
which  a  ftrait  rod  appears  crooked  in  water,  where- 
by vilion  is  v»rioufly  diftorted,  and  whereby  we 
arc  liable  to  innumerable  deceptions,  Olould  ever 
be  fo  circumftanced  as  to  extend  the  boundaries  of 
light,  and  enable  us  to  didingtiifh  objet^  to« 
remote  for  natural  vifion  ?  Yet  fuch  arc  the 
powers  fcicnce  has  beftowed,  that  by  glafles,  pro- 
perly adapted  to  each  other,  we.  as  lit  were  cootraiffe 
fpace,  and  bring  within  our  ken  the  grander  oh- 
jcifts  of  the  univcrfe  ;  and  are  enabled  to  extend 
our  inquiries  beyond  the  boundaries  of  the  folar 
fyltem.  ' 

If  Pliny,  in  regard  to  Hipparcbus,  could  ex- 
travagantly fay,  "  Aufus  rem  Deo  improbam  ajiinc- 
inerare  poficris  ftellas,"  what  would  that  pom- 
pous hiftorian  of  nature  have  faid,  had  it  been 
foretold  him,  that  in  the  latter  days  a  man  w<i»!d 
arife,  who  ftiould  enable  pofterity  to  enumerate 
more  new  (tars,  than  Hipparcbus  had  counted  of 
■the  old  ;  who  (hould  affign  four  moons  to  Jupiter, 
ar.d  in  our  moon  point  out  higher  mountains  than 
any  here  belqw  ;  who  {Iiould  in  the  fun,  the  foun- 
latn  of  light,  difcover  dark  fpots  as  broad  as  two 
quarters  of  the  earth,  and  by  ihefc  fpots  afccrtar™ 
»  hu 
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iuc  mocicm  round  his  axia  i  who*  by  the  varyiiw 
tohafcs  of  the  planets;  fhould  coEnpofe  the  Aioiteft 
and  plaineft  demonftration  of  the  folar  fyftem? 
Yet  thefe  were  biit  part  of  the  annunciations  to  • 
the  world  of  a  finglc  p.erfon,  of  Gaii/eo,  of  unpc* 
TJihrng  memory  !  To  him,  his  cotemporary  and 
rival  in  fame,  Lord  BacoH,  afcribed  the  invention 
o(  per/pirilla,  (for  fo  at  firft  were  called,  the  tclc- 
fcopcs,)  apd  in  a  figurative  ftrain  thus  exprefled 
himfelf  concernii^  them:  "With  thefe  (pcrfpi- 
cillajj  which  Galileo,  by  s  memorable  effort  of  ge" 
nius,  hath  difcoveredj  -we  are  enabled,  as  with  fome 
fmall  failing  veflels,  to  open  and  keep  up  a  r^aicr 
commerce  with  the  ftars." 

Nor  did  the  celcftial  commerce  ccafe  with 
dK  acquiiitions  of  Galileo,  but  has  been  extend- 
ing ever  fincc  the  time  that  that  grijat  man  firft 
CumeU  his  glafles  to  the  heavens.*  In  our  own 
da^  ithe  energy' and  philofophic  enthufiafm  of 
Herfcbell  has  enlarged  the  boundaries  of  aftrono-  * 
tnical  knowledge,  added  a  new  planet  to  our  fyf- 
tem  I  the  heavens  have,  as  it  were,  incrcafcd  under 
his  eye  ;  and '44O0ofl:ars,  feen  in  thefpaceofa  few 
degrees,  feem  to  indicate  that  feventy-five  millions 
may  be  difcovered  in  the  expanfe  expofed  to  hnman 
inveftigation. 

What  is  neceflary  for  the  condud  of  our  animal 
life.thebountifulAuTMoaof  nature  has  made  ma>-  ' 
nifeft  to  all  men.  But  there  are  many  other  choice 
iecrets  of  nature,  the  difcovery  of  which  oilarges  the 
power  and  exalts  the  ftate  of  man ;  thefe  are  left 
to  be  difcovered  by  the  ufc  of  our  rational  powers  j 
they  are  hid,  not  that  they  may  be  always^  concealed 
from  -human  knowledge^  but  that  we  may  be  ex- 
cited to  fearch  for  them :  this  is  the  proper  b'Hi^ 
neis  of  a  philofbpher  ;  and  it  is  thcglory  of  a  manr 

tnd 

'     *  ^r  JoiiD  Prtngle's  Difcourfct,  p.  atS. 

L,„,;,....,  Cookie 


On  TstMCOtM.  :     47$ 

vtd  a  reward  for  Ids  Ubom,  to  difeovcrchM  iHuclk 
has  been  thus  concealed. 

Thus  in  the  fubjed:  befoie  us,  our  eyesore  in- 
capable of  difcerniog  objeda,  cither  very  CnuM  or, 
very  ditbint ;  but  the  creator,  has  given  .properties 
and  qualities  to  matter  by  which  it  may  procure 
us  thefe  advantages :  hb  eicvaccd  the  und«rftand« 
ii^  from  one  degree  of  ktwwledge  to  another,  tilt 
ii  was  able  to  difcovcr  thcfe  ajBWances  Yor  our 
£ght.  It  is  to  the  fame  pe^er,  therefore,  wha  ■ 
created  the  obje&s  of  our  admiration,  thac  we  are 
ultimately  to  refer  the  mcaos  of  their  difcovery} 
and  whatever  we  find  out  by  their  mc»ns,  becoates 
a  frcfh  fource  of  prailc  to  uiM  from  whom  we  re* 
ceive  every  biefiing. 

The  very  great  importance  of  the  tclcTcope 
has  made  the  firft  difcovery  of  it  aa  interefting  ob* 
jeA  of  inquiry  ;  but  no  refearch  hR&  been  able  to 
afceruin  either  the  eudt  period  when  it  wu  £rft 
4otuid  out,  or  who  was  the  inventor.  It  has  been 
by  £6me,  and  with  no  fmaU  degree  of  probability, 
attributed  to  the  famous  friar,  Roger  Bacon;  before 
the  year  130%  and  it  is  worth  your  while  ts  be  ac- 
quainted withXome  of  his  expreiTions.  Ltnftt  and" 
jpeeula  nay  he  Jo  spired,  thai  one-  gbjeff  may  is 
wuUiiplied  itttt  many  i  that  tbaje  which  are  fiittat<d 
St  a.  great  dtftattce  may  be  made  loappear  very  searj 
that  tbo/e  tvhich  are  Jmall  may  be  made  tt  appear 
very  large,  and  tbo/e  which  are  oh/cure  very  pioin  / 
and  3ve  can  make  fiars  to  appear  wherever  we  wiU. 
Thefe  and  other  e^fprefTions  and  tf»fh  of  this  »u* 
ihor&em  to  indicate,  that  he  was  well  acquaiiued 
Vith  the  nature,  conftru^on,  and  ufe  of  telefct^es; 
and  all  the  glalFes  which  compofexhem  :  bailouts 
siodcrn  critics  in  the  fclence  not  only  deny  him 
the  invention,  but  even  the  Jcnowledge  of  any  fuch 
conttmdKon,  as  we  at  prcfent  call  telefcopes, 
Vtough,  he  mentions  the  refiaftlocs  of  thg  fun's 
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nys  through  a  glafs  fphcre;  but  as  he  does  not  fay> 
totidem  ■  verbis,  that  he  ever  viewed  an  object 
through  fuch  a  fphere.  Dr.  Smith  fuppofes  that 
he  had  no  experience  of  it's  magnifying  power. 
In  the  fame  manner,  had  Seneca  defcribed  his  glafs 
ball,  filled  with  water,  only  as  a  burning-glafs,  it 
might  have  tempted  us  to  argue  that  he  knew  no- 
thing of  it's  ufe  in  magnifying  Utters  ;  but  he  has 
prechided  cofijeiiture  by  declaring  the  contrary. 
He  might  know  more  than  is  fpoken  of;  the  ma- 
thematicians and  workers  in  glafs  of  thofe  da^ 
might  know  more  than  he  did.  From  the  fore-' 
goiing  and  other  exprefiions  of  our  countryman, 
jhriar  Bacon,  there  is  little  doubt  but  that  he  .wai 

'  acquainted  ixith  with  fpecflacles  and  telcfcopes. 
•*  Friar  Bacon,"  fays  the  Rev.  Mr.  William 
Jones,  •*  may  be  confidered  as  the  firft  of  Englifli 
philofophers ;  his  profound  Ikill  in  mechanicsi  op- 
tica, aftronomy,  and  chemidry,  would  make  an  ho- 
nourable figure  in  the  prefentage  ;  but  he  is  enti.* 
tied  to  further  praifc,  as  he  made  all  his  Itudiesfub- 
ferviencto  theology,  and  direi5i:ed  all  his  writings, 
as  much  as  could  he,  to  the  glory  of  God.  He 
had  the  higheft  r^;anj  for  the  facred  fCriptures, 
and  was  perfuaded  they  contain  the  principles  of 
all  tnie'fcience.  He  had  a  liberal  way  of  conil- 
dering  things,  not  adhering  fervilely  to  his  fub- 
je(5t,  but  ufing  all  the  fciences  of  which  he  was 
tnaAer  to  illultrate  each  other.  It  is  very  unjuft  to 
fpeak.of  philofophy,  as  if  it  was  unknown  till  the 
lad  century,  when  in  reality  a  ft:holar  furnilhcd 
with  no  materials,  but  fuch  as  might  be  extradled 
from  Friar  Bacon's  works,  would  yet  be  a  very  con- 

•fideiable  perfon,  and  entitled  tp  no  fmall  degree 
,  of 
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of  fame  amongthe  literati  of  the  prcfcnt  age.  He 
would  excel  as  a  mathematician,  experimcntalift, 
phyfician,  chemift,  artirt,  aftronomer,  philofophcr, 
and  divine." 

Men  of  learning  have  been  divided  in  their 
opinions  concerning  the  optical  konwiedge  of  the 
ancients ;  fome  arc  fo  fwallowcd  up  by  an  admira^ 
tion  of  the  difcoveries  that  have  been  made  in  the 
laft  and  prcfcnt  century,  that  they  have  been 
tempted  topafs  fentencc  upon  the  ancients,  before 
they  knew  whit  the  anOients  have  faid  for  them- 
felves.  It  is  faid,  indeed,  that  if  dioptric  glaffes 
■were  anciently  in  ufe,  it  is  ftrange  we  find  theni  fo 
feldom  mentioned  in  their  wiitinga.  This  may  be 
hard  to  account  for,  but  it  is  uniafe  to  draw  a  po- 
fiiive  conclulion  from  negative  evidence.  The 
accounts  we  have  of  many  ancient  works  of  art 
are  fo  much  broken  by  the  injuries  of  tirnc,  the 
ambiguities  of  language,  the  lijcceeding  interefts, 
of  different  feels  of  philofophers,  the  barbarifm  of 
fucceeding  ages,  that  it  is  now  very  difficult. to  ef- 
tablifh  the  fuppofilion  by  fatisfadory  proofs. 

If  we  argue  by  inference,  the  cafe  will  be  a 
little  altered.  The  cabinets  of  the  curious  con- 
tain fome  very  ancient  gems,  of  admirable  work- 
manihip,  the  figures  on  which  are  fo  fmall,  that 
they  appear  beautiful  through  a  magnifying  glafs, 
but  altogether  confufed  and  indiflimit  to  the  naked 
eye:  and  if  they  cannot  be  viewed,  how  could  they 
be  wrought  without  the  afliftanceof  glafles?  How 
could  it  be  known  that  the  moon  has  a  form  like 
that  of  the  earth  ;  that  it  has  plains,  hills,  and  vat- 
lies  in  it?  When  it  is  feen  through  a  tclefcope, 
the  difpofition  of  light  and  (hide  render  this  ev  - 
dent,  agreeable  to  the  common  rules  of  pcrfpeftive; 
but  no  fuch  thing  appears  to  the  naked  eye.  How 
could  it  be  known  that  the  via  laBea  arifes  from 
the  combined  ravs  of  an  infinite  number  of  fmall 
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ilars?     But  above  all,  how  came  it  to  be  aflerteJ, 

l.hnt  the  fphere  cf  the  fixed  fiars  is  fo  immrnfe,  Ibat 
the  circle  of  the  earth's  annual  orb  hears  no  greater 
f  report  ion  to  if  than  the  center  of  any  fphere'  tears  to 
it's  uhole  furface  ?  This  difcovery  does  fo  far 
exceed  the  comprehcnfion  of  the  human  mind,. 
that  it  was  not  allertcd  after  the  revival  of  the  Py- 
th.t'^Qrca".  fchemc,  till  Dr.  Bradley,  by  a  courfe  ol 
the  mort  accurate  obfcrvations  thar  ever  were  made 
witli  a  tdifcopic  apparatus,  reduced  the  annual 
pjm!/,ix  of  the  fixed  liars  to  an  infcnfible  quantity^ 
If  leaving  the  ancients  we  return  to  the  mo- 
derns, wc  find  the  time  of  the  invention,  and  thc- 
nameofthe  inventor,  are  ftiil  involved  in  obfcurity- 
By  fome  it  is  afcribcd  to  J;imcs  Mcetius,  a  Dutch- 
oian  ;  by  others  to  John  Lcppcrlheim,  of  Middlc- 
hurg  :  but  BorcSlus,  in  a  circumltantial  and  appa- 
rently well  "authenticated  accoiinr,  attributes  the- 
invention  to  Zacharias  Janfcn,  of  Middlebui^, 
about  the  year  1^90-  Janfen  was  a  diligent  in- 
tj_uircr  fato  nature,  and  being  engaged  in  thcfe  pur- 
fuit?,  and  trying  v;hat  advantm^cs  could  be  derived' 
from  coHibining  lenfcs,  fortunately  difcovered  the 
rekfcope. 

The  wonderful"  effects- of  this  in!l:rument  foon 
r.'^rhed  Galileo,  who,  fetting  himfelf  to  work, 
contrived  an  inftniment  to  eiieft  the  fame  pur- 
pofc.  As  this  fiibjcdf  is  fb  curious  and  intereft- 
inp,  I  think  yoii  will  be  plcafcd  with  his  own  ac- 
count of  it,  as  pnblilhcd  in  a  book  intitlcd,  Niin- 
crtis  SiJfrhs,  in  March,  1610.    "'Near  ten  months- 

■  ?{,-o,"  fays  he,  "  it  was  reported  that  a  certain 
l>utcf:man  had  mndc  a  perfpettivc,  through  which 
fTiunv  diflant  objcds  appeared  as  diftinft  as  if  they 
were  near  ;  fevcral  cft'ci^ts  of  tiiis  wonderful  initru- 
nicnt  wL-re  reported,  v.hich  fome  believed,  and 
ftliLTS  denied  :  but  having  bad  it  confirmed  to  mc 

-  a  Itw  *^a>s  after  by  a  letter  from  the  noble  John 
Badoverie^. 

L,„,;,....,  Cookie 


On  Telescopes.  483 

Bacjoverie,  at  Paris,  I  applied  myfclf  to  confidcr 
the  rationale  thereof,  and  by  what  means  I  might 
contrive  a  fimilar  inftrument,  ivhich  I  afterwards 
attained  toby  the  dodrinc  of  refradion;  and  firit 
I  prepared  a  leaden  tube,  to  whofe  extremity  I  fit- 
ted two  fpcdacle-glaffes,  both  of  them  plain  on 
one  fide  ;  on  the  other  one  of  them  was  fpheri- 
cally  convex,  and  the  other  concave.  I  faw  ob- 
jeds  appear  pretty  large,  and  pretty  near;  they  ap- 
peared three  times  nearer,  and  nine  times  larger 
in  furface  than  to  the  naked  eye :  and  foon  after  I 
made  another,  which  rcprefentcd  objcds  above  60 
times  larger;  and  at  laft,  having  fpared  no  labour 
or  expence,  I  made  an  inllniment  fo  excellent  a? 
to  ftiew  things  almoft  a  thoufand  times  larger,  and 
above  thirty  times  nearer  than  to  the  naked  eye." 

If  the  true  inventor  is  he  who  makes  difco- 
very  by  reafoning  a  priori,  and  defcending  from 
eftabliftied  principles  to  their  confequcnccs,  Ga- 
lileo may  be  confidcred  as  the  real  inventor  of  the 
telcfcope;  but  the  ufe  he  made  of  it  does  him  more 
honour  than  the  invention:  the  inftrument  was'at 
firft,  rn  Holland,  a  mere  article  of  curiofity,  not  an 
inftrument  of  fcicnce  j  himfelf  being  amply  re- 
warded by  prevailing  over  the  difficulty  of  the  fub- 
jed,  and  with  new  difcoveries  which  enlarged  the 
territories  of  rcafon. 

Of  Refracting  Telescopes, 

By  a  leU/cope  is  ufually  fignified  an  inftrument 
that  renders  the  view  of  diftant  objeds  more  per- 
fed;  or,  in  more  general  terms,  which  reprefcnts 
diftant  objcds  under  a  lirgcr  angle  than  that  under 
which  they  appear  to  the  naked  eye. 

When  the  diftance  of  the  objed  is  ver}'  con- 
fiderable,  the  cftcds  may  all  be  referred  to  the  fame 
diftajice,  and  a  "tc4cfcopc  may  be  faid  to  enlarge  an 
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objeA  juft  as  many  times  as  the  angle  under  which 
it  rcprefents  it  is  greater  than  that  under  which  ic 
ajjpears  to  the  naked  eye.  Thus  the  moon  ap- 
pears to  the  naked  eye  under  an  angle  of  about  half 
a  degree;  confequently  a  celcfcope  magnifies  100 
times,  if  it  rcprefents  the  moon  under  an  angle  of 
^odegrees;  if  it  magnified  200  times,  it  woura  ex- 
hibit the  moon  under  an  angle  of  100  degrees  { 
and  the  moon  would  appear  to  occupy  more  than 
half  the  viiible  heavens,  of  which  the  whole  extent 
is  only  180  degrees. 

It  is  a  common  expreflion,  that  telefcopes 
bring  objeds  nearer;  but  this  expreflion  is  equi- 
vocal, admitting  of  two  different  fignifications. 
The  one  is,  that,  looking  through  a  telefcopc,  we 
cffimate  att  object  to  be  as  much  nearer  to  us  as  ic 
js  magnified  by  the  telefcope.  But  I  have  already 
ihewn  you,  that  we  can  form  no  certain  cflimate 
of  the  diftancc  of  an  objed  but  by  the  judgment, 
and  that  our  judgment  deceives  us  when  the  ob- 
jects are  beyond  a  certain  diflance  i  and  in  the 
prcfent  inflancc,  lofing  all  thofe  fubiefits  of  com- 
parifon  on  which  it  is  founded,  will  deceive  us 
more.  The  other  meaning  applied  to  the  exprtf- 
fion  is,  that  the  telefcope  reprefcnts  the  obje^s  as 
large  as  they  would  appear  if  we  were  fo  much 
nearer  to  them  :  this  latter  meaning  is  more  con- 
formable to  the  truth  than  the  preceding,  for  you 
know  that  the  nearer  we  approach  to  an  obje<a  the 
larger  is  the  vifual  angle.  When  you  look,  how- 
■  ever,  at  a  well  known  objeifl,  as  a  man,  at  a  great 
dil^ance,  and  he  is  feen  under  a  larger  angtcj  we 
arC'Icd  to  think  him  fo  much  nearer,  when  he 
would  really  appear  under  a  greater  angle  j  but 
with  refpeft  to  objeds  lefs  known,  as  the  fun  and 
moon,  there  can  be  no  eftimation  of  diftance. 

One  principal  end  of  telefcopes  is  to  enlarge 
Dr  multiply  the  angle  under  which  objeds  appear 

to 
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to  the  naked  eye,  and  they  are  eftjraated  according 
to  this  efFeft,  and  are  faid  to  magnify  five,  ten,  or 
any  other  number  of  times,  according  to^the  na-  : 
tore  and  conftrui5lion  of  the  telefcope. 

This  diagram,  _/r]f.  13,  pi.  6,  rcprefents  a  fmall 
Galilean  telelcope :  the  convex  lens  P,  P,  is  directed 
toward  the  objed:,  the  concave  glafs  Q,  Q,  is  applied 
to  the  eye  ;  on  this  account  the  one  nearefl  to  the 
eye  is  called  the  eye-gU/s,  that  Cowards  the  objeifl- 
glafs  is  called  the  objeS-glafs,  Thefe  glaffes  are 
fituated  upon  the  lame  axis  AB,  which  paffeg 
through  the  center  of  the  glafles,  and  to  which 
they  are  perpendicular.  The  focat  dillance.  or 
focus  of  the  convcx-glafs,  fhould  be  longer  thaa 
that  of  the  concave,  and  the  lenfes  fhould  be  fo 
difpofed,  that  if  A  F  be  the  focal  diftance  of  the 
convex  lens  PAP,  the  focal  point  of  the  concave 
glafs  fhould  fall  upon  the  fame  point  F.  Thus 
the  interval  AB,  between  the  two  glalTcs,  is  the 
difference  between  their  foci,  A  F  being  the  focal 
diftance  of  the  objeA -glafs,  and  BF  that  of  the 
eye-glafs.  When  the  glafles  are  fo  placed,^  com- 
mon eye  will  fee  diflant  objedts  dif^ini^ly,  and  will 
magnify  in  the  fame  proportion  that  the  line  AF 
exceeds  the  line  B  F.  Thus,  fuppofing  the  focus 
of  the  objeil-glafs  to  be  fix  inches,  ano  of  the  eye- 
gJafs  to  be  one  inch,  the  interval  between  them 
will  be  five  inches ;  the  length  of  the  telefcope 
and  the  objed«  will  be  enlarged  fix  tinies,  chat  is, 
it  will  appear  under  an  angle  fix  times  greater  than 
what  they  do  to  the  naked  ^ye. 

After  having  explained  to  you  the  manner  in 
which  the  glaffes  are  to  be  difpofed,  in  order  to 
produce  the  dellrcd  effeifl:,  it  remains  for  me  to 
ftiew  you  why  they  reprefent  the  objedls  diflinAly, 
and  why  they  are  magnified  as  many  times  as  the 
line  A  F  exceeds  that  of  B  F.  With  refpe(ft  to  the 
firfl,  I  mufl  juft  remind  you  of  what  has  been  be- 
I  i  3  fore 
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fore  obferved,  that  wc  fee  obje(5ts  beft  when  the 
rays  that  proceed  from  ihem  and  fail  upon  ihe  eye 
arc  nearly  parallel  to  each  other. 

This  obfcrvatiop  being  attended  to,  you  muft 
now  confider  another  diagram,  {ig.  14,  fl.  6,  Let 
V  be  a  point  in  the  ob}c(^t  towards  which  the  tcle- 
fcopc  is  dircLicd,  and  as  it  is  fuppofed  to  "be  very 
dillant,  the  rays  proceeding  therefrom  may  becon- 
fidcred  as  parallel  to  each  other  j  thofe  therefore 
that  fail  upon  the  objcift-glafs  QAQ,  will  be 
united  at  it's  focus  F,  and  being  convergent  there, 
will-not  be  adapted  to  produce  diftincT:  vifion  for  4 
common  eye.  Now  it  being  the  property  of  a  con- 
cave glafs  to  render  rays  more  diverging,  or  tod imi- 
nifh  their  convergence,  it  will  refratt  the  rays  Q  K, 
QR,  fo  as  to  render  them  parallel  to  each  other; 
fo  that  inrtead  of  uniting  at  E,  they  will  proceed 
ill  the  difctHiion  R  S,  RS,  parallel  to  the  axis  ARF, 
and  thus  the  tclefcope  will  be  fitted  for  diftinci 
yifion, 

1  have  now  .to  explain  the  principal  effedl  of 
telcfcopcs,  that  is,  their  magnifying  power;  a  fub- 
jeft  which  I  hope  to  render  fo  clear,  that  no  doubts 
Ihall  remain  on  your  mind, 

1.  Let  Ee,  Jig.  3,  pi.  j,  be  the  objeia  placed 
pn  the  axis  of  he  telefcopc,  which  paltes  through 

■  the  center  of  the  two  leni'es.     Ee  ig  to  be.  conli- 
dered  as  at  an  infinite  dilVance. 

2.  If  the  eye  placed  at  A  look  at  this  objetft, 
it  will  fee  it  under  the  angle  E  c,  called  the  vilual 
angle.  What  we  have  therefore  to  prove  is,  that 
in  looking  through  the  telcfcope  it  will  appear 
undtr  an  angle  as  much  larger  than  this,  as  the 
focal  diftgnce  of  the  objci^l-glafs  exceeds  that  of 
the  cye-glafs, 

3.  As  the  cficft  of  all  the  glalTe?  confifts  in 
reprcfcnting  the  object  in  another  place,  and  of  a 
certain  fize,  all  we  have  to  do  is  to  examine  the 

ditfercnl 
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■•^ifFcrent  imagc:^,  the  lafl  of  which  forms  rhc  'o'>- 
jed  immediatcl;,'  viewed  by  means  of  the  t^^-- 
fcope. 

4.  Now  the  ohjccft  Ec  being  at  an  irifinite 
■diftance  from  the  convex  lens  PA  P,  it's  imr.'^c 
■  will  be  reprcfentcci  behind  thcgia*!;  at  i''f,  and  A  !•' 

M'ill  be  the  foca!  dillance  of  this  glafs  ;  the  li.ic  of 
this  image  Ff,  is  determined  by  a  ftrait  line  fioni 
■the  extremity  e  of  the  obiccl:  through  A  the  center 
"of  the  lens  ;  confcqucntly  this  imar^e  is  inverted, 
and  as  much  fnnaHer  than  the  objfct,  as  tiic  diPi 
■tance  A  F  is-  fmiller  than  the  dirtance  AK. 

5.  Now  this  image  f  F  is  to  he  coriSdcred  as 
the  obje(5t  with  refpeift  to  the  eye-glafs  Q  B  Q^ 
fince  the  rays  that  fall  upon  this  glafs  are  thole 
which  would  form  the  image  Ff,  bur  that  they 
arc  intercepted  in  their  pairagc  by  the  concave 
■glafs  Q  B  Q  ;  fo  that  though  the  image  is  only 
imaginary,  the  effed:  is  the  fame  as  if  it  were 
real. 

6.  The  image  Ff,  that  we  may  now  confider 
as  an  objedt,  being  at  the  focal  diftance  of  the  lens 
QB  Q,  will  be  tranfported  to  an  infinite  diftance 
by  the  refradion  of  the  glafs.  This  new  image  is 
marked  in  the  figure  by  Gg,  of  which -the  diltancc 
AG  fhould  be  considered  as  infinite;  and  the  rays 
■being  a  fccond  time  rcfraftcd  by  the  glafs  O  B  Q, 
will  continue  the  fame  diredion  as  if  they  came 
from  the  image  Gg. 

7.  This  fecond  image  Gg,  being  the  objcS: 
that  is  fecn  by  him  who  looks  through  the  tele*- 
fcope,  we  muft  conlider  it's  fizc.  Now  as  it  arifcs 
from  the  firft  image  Ff,  and  the  rcfradtion  of  the 
glafs  QBQ,  draw  according  to  the.gcncraJ  tuIc 
from  B  the  middle  of  the  concave  glals  a.  Jine  paf- 
ling  through  f  the  extremity  of  the  firft  image, 
and  it  will  mark  at  g  the  extremity  of  the  fecoad 
imaije, 

1  i  +  «,  Now 


4S8     Lectures  on  Natural  PiiitoiopHT, 

8.  Now  as  the  fpeftator  applies  his  eye  at  B, 
and  as  the  rays  that  tall  upon'his  eye  are  received 
as  if  ihcy  catne  from  the  image  Gg,  it  will  appear 
under  the  angle  G  B  g  evidenily  larger  than  the  an- 
gle E  A  e,  under  which  the  pbjcwl  h.  c  appears. 

g.  To  coinparc  thcfe  angles,  I  muil  inforpi 
you  that  the  angle  EAe  is  equal  to  thc^ngle  FAf, 
;i!!d  the  angle  GHg  is  equal  to  the  angle  FBf. 
I  have  now  therefore  only  to  prove  that  the  angle 
FBf  exceeds  the  angle  FAf,  as  much  as  the  hue 
A  F  exceeds  the  line  B  f. 

10.  To  prove  this,  we  muft  have  recourfe  to 
certain  propolitions  deduced  from  geometry,  con- 
cerning the  nature  of  feiftors.  You  probably  re- 
member that  a  fector  is  an  arch  of  a  circle  in- 
cluded bctviccn  two  radii  1  thus  CM'N, _fi!i.  4,  pi.  6, 
is  a  fcdtor  of  a  circle  ;  C  M,  C  N,  rhc  two  radii ; 
M  N  the  arch  or  portion  of  the  circumference. 
There  are  therefore  three  things  to  be  confidercd 
in  a  fedor:  1.  The  radius  of  the  circle,  as  CM, 
C  N.  2.  Thcquantity  of  the  arch  M  N.  3.  The 
'  angle  M  C  N. 

I  r.  Let  us  now  confidcr  the  two  feflors 
MCN,  and  men,  fig.  4,  pL  6,  of  which  the  radii 
C  M  and  c  m  are  refpectively  equal.  Geometry 
proves,  that  in  this  cafe  the  angles  C  and  c  are  in 
the  fame  ratio  as  the  arcs  MN  and  mn;  or  in  other 
■words,  that  the  angle  C  is  fo  many  times  larger 
than  the  angle  c,  as  the  arc  M  N  is  larger  than 
the  arc  m  n  j  or  In  more  general  terms,  when  the 
_radii  are  equal,  the  angles  are  proportional  to  their 
refpecUve  arches. 

12.  In  the  two  fedtors  MCN  and  men, 
fig.  5,  pi.  6,  the  angles  are  equal,  but  the  radii  are 
unequal.  The  elements  of  geometry  prove,  in  this 
cafe,  that  the  arc  M  N  is  fo  many  times  greater  than 
the  arcnui,  as  the  radius  C  M  is  greater  thane  m;  or 
that  the  arcs  are  proportional  to  the  refpcdive  radii 

when 
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when  the  angles  are  equal.  The  reafon  is  evident, 
for  each  arc  contains  the  fame  number  of  de^ 
grees ;  but  the  degrees  of  a  large  circle  are  as 
much  larger  than  thofe  of  a  fmall  one,  as  the  longer 
radius  exceeds  the  fmaller  one. 

13,  In  the  twofciflors  MCN  and  mcn,fi^.6t 
pi.  6,  the  arcs  are  equal,  but  the  radii  are  unequal. 
Here  the  angle  C,  which  anfwers  to  the  longeft 
radius,  is  the  fmallell,  and  that  in  the  fame  ratio  as 
the  r^dii ;  or  the  angle  c  is  fo  many  times  larger 
fhan  the  angle  C,  as  the  radius  C  M  is  larger  than 
the  radius  cm;  or  in  more  general  terms,  the  an- 
gles are  reciprocally  proportional  to  the  radii  wheij 

.  the  arcs  are  equal. 

14,  The  laft  article  comes  more  immediately 
to  ourpurpofcj  with  the  addition  of  this  obferva- 
tion,  that  when  the  angles  are  very  fmall  fas  is  the 
cafe  in  fmall  Galilean  teleicopesj,  the  arcs  MN 
and  m  n  do  not  differ  feniibly  from  their  cords,  o^ 
the  ftrait  lines  M  N  and  m  n. 

15,  We  may  now  return  to  the  former  dia-t 

fram.  The  triangles  F  A  f,  F  B  f,  may  be  confi- 
ered  as  fedors,  and  the  arc  Ff  as  common  to 
^foth ;  confcqucntly  the  angle  FBf  exceeds  the 
angle  F  A  f,  4s  much  as  the  diftance  A  F  exceed^ 
that  of  BF;  or  the  objeift  Ee  will  appear  in  the  le- 
lefcope  under  an  angle  as  much  larger  than  that 
under  which  it  appears  to  the  naked  eye,  as  the 
focal  diflance  of  the  objed-glafs  exceeds  that  of 
the  eye,  which  was  what  I  had  to  prove  to  you. 

You  will  eafily  comprehend  from  what  has 
been  faid,  that  very  great  advantages  are  not  to  be 
cxpetScd  from  a  telefcope  conftrudted  on  this  plan; 
for  in  order  to  obtain  any  confiderable  magnifying 
power,  it  muft  be  made  very  long,  a  circumftance 
that  renders  it  inconvenient  in  ufe.  Befides  this 
there  arc  other  difad vantages,  among  which  the 
jmallnefs  of  the  apparent  field  is  the  principal. 

This 
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This  naturally. leads  me  to  confidcrthe  nature 
of  the  apparent  field,  which  is  an  article  of  great 
importance  in  all  relefcopes.  When  you  diredt  a 
telefcopc  towards  the  heavens 'or  any  other  diftant 
objedt,  the  fpace  difcovered  appears  of  a  circular 
form,  and  no  objefts  are  feen  but  what  are  con- 
tained within  this  circle;  fothat  if  you  are  defirous 
of  viewing  other  objeds,  you  muft  change  the  po- 
fition  of  the  tclefcope;  this  circular  fpace  is  called 
the  ap-parent  field,  or  limply  the  field  of  vietv. 
Hence  you  will  readily  conceive,  that  it  muft  be  a 
great  advantage  to  have  a  telefcopc  with  a  large 
lield,  and  that  a  fmall  held  muft  be  confidered  as  a 
<Jefc(:i. 

As  a  large  field  is  a  great  perfedion  in  a  tele- 
fcopc, it  is  often  nccclTary  to  mcafure  the  field  j 
this  is  generally  attained  by  meafuring  the  number 
of  degrees  contained  in  the  fpace  taken  in  by  the 
telefcope,  when  directed  to  the  heavens  or  to  fome 
very  diftant  objeii:.  Thus  as  the  apparent  dia- 
meter of  the  full  moon  is  about  half  a  degree,  if  a 
telefcope  only  takes  in  the  moon,  we  fiiy  it's  field- 
is  half  a  degree;  but  if  you  only  fee  one  half  of 
the  moon,  the  field  would  only  be  a  quarter  of  a 
degree. 

But  in  order  to  judge  rightly  of  the  field  of  a 
telefcope,  you  muft  take  in  the  magnifying  power; 
for  it  is  an  univerfal  maxim,  that  the  more  a  tele- 
fcope magnifies,  the  fmaller  is  the  field :  nature 
here  prefcribes  the  boundaries.  Let  PAP,  fig.  3, 
j>l.  7,  be  the  objcct-glafs,  Q  B  Q  the  eye-glafs  of  a 
telefcope,  EF  the  axis  thereof,  Ee  an  objed  at  a 
great  diftance,  feen  under  the  angle  EAe,  which 
rcprefents  half  the  diameter  of  the  apparent  field  ; 
which  extend  as  much  on  one  fide  the  axis  as  on 
the  other.  The  point  E  is  the  center  of  the  field  ; 
the  ray  E  A  is  not  refradted  as  itpafics  through  the 
middle  of  the  glaffes,  perpendicular  to  their  axis : 

iO 
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in  order  therefore  tliai  this  ray  fhould  enter  the 
«yc,  the  eye  niuft  be  placed  fomewherc  on  the  axis 
BF,  behind  the'  eye-glafs,  and  fo  that  the  pupil 
may  be  on  the  line  B  F  ;  this  is  a  general  rule  with 
refpccl  to  all  telcfcopes.  Let  us  now  confider  the 
vifible  extremity  e  of  the  objed:  j  and  of  this  it  is 
plain  that  the  exlremiiy  e  of  the  objecfl  cannot 
be  feen  unlefs  the  ray  eA  proceeding  therefrom 
enters  the  eye. 

Let  us  then  confider  the  direflion  of  the  ray 
cA  ;  now,  according  to  the  laws  of  rcfraiftion,  this 
ray  is  not  rcfradted,  becaufe  it  paJTcs  through  the 
middle  of  the  objedt-glafs  A.  This  ray  will  there- 
fore continue  in  the  fame  direction  to  unite  with 
other  rays  proceeding  from  the  fame  point  e,  to 
form  at  f  an  image  of  the  objeifl  reprefcnted  by  f  F, 
jhe  point  f  being  the  image  of  the  point  e  of  the 
object  cE  :  but  this  ray  meeting  at  m  the  concave 
glafs,  and  not  falling  on  the  middle  thereof,  will 
be  refraded  -,  and  inftead  of  proceeding  to  f,  will 
proceed  in  the  diredion  m  n,  more  diverging  from 
the  axis  B  F.  Yen  remember  that  the  objeft-glifs 
forms  an  inverted  image  of  the  objeit  at  Ff,  and 
that  F  f  tiecomes  the  objed:  with  refped  to  the 
cye-glafs,  by  which  it  is  tranfported  to  Gg.  The, 
Jiftancc  BG  is  as  great  as  that  of  the  objed, 
becaufe  F  f  is  in  the  focus  of  the  q-e-glafs. 

With  refped  to  the  fize  of  the  images,  the 
firft  F.f  is  determined  by  the  ftrait  line  e  A  f,  drawn 
from  e  through  the  middle  of  the  glafs  PAP;  and 
^hat  of  the  other  Gg,  by  a  ftrait  line  fBg,  drawn 
from  f  through  B  the  middle  of  the  cyc-glafs.  The 
ray  A  m  direded  towards  the  point  f  is  refraded 
and  proceeds  towards  mn,  and  this  line  continues 
backwards,  paflcs  by  g,  for  the  ray  m  n  produces 
the  fame  eflcd  upon  the  eye  as  if  it  proceeded 
really  from  g.  Now  as  m  n  diverges  from  B  F, 
where  the  pupil  of  the  eye  is  placed,  it  cannot  en- 
ter 
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ter  the  eye  if  it  diverges  further  than  the  limits  of 
the  pupil  of  the  eye;  fo  that  in  this  fpecies  of  tc- 
lefcopc  the  field  depends  on  the  fiic  of  the  pupil 
of  the  eye,  and  the  larger  this  is  the  larger  is  the 
fitki  ;  fo  that  if  the  dillance  B  m  docs  not  exceed 
the  fame  diameter  of  the  pupil  of  the  cye>  and  that 
this  fictd  may  not  be  diminKhed,  the  eye  ihoiild 
always  be  placed  as  near  as  pofiible  to  the  eyc-glat. 
To  determine  then  the  fize  of  the  field  in 
ihefe  it'tcfcopes,  you  have  only  to  lake  the  interval 
B  m  equal  to  the  fcmidiamctcr  of  the  pupil,  and 
then  draw  a, line  m  A  c  from  m,  and  the  middle  of 
the  objeift  ghfs,  and  this  line  will  mark  upon  the 
obje<5t  that  cxtrcniily  e  which  will  be  vifible  by 
the  lelefcope,  and  the  angle  cAE  will  give  the 
fcmidiamelcr  of  the  field.  From  this  it  is  very 
evident,  that  if  the  diftance  betweea  the  two 
glifTes  exceeds  a  few  inchci,  the  angle  BAm 
leiU  become  very  fmall,  becaufe  the  diftance 
B  m  is  only  about  the  ir%  of  an  inch.  Now, 
in  order  to  magnify  much  v/ith  thcfe  tele- 
fcopes,  the  dirtancc  between  the  glafles  muft  be 
confidcrably  increafcd,  in  which  cafe  the  field 
would  be  infinitely  fmall;  fo  that  the  extent  of 
thcfe  telcfcopes  is  limited  by  the  nature  of  ihcii 
fpnflruflion,  and  the  optician,  in  order  to  produce 
great  ejfeifls  conveniently,  is  obliged  to  nave  r^t 
courfe  to  other  kinds. 

A  Summary   View  of  the  Properties  of  tub 
Galilean  Telescope. 

1.  The  focal  diftance  of  the  objet5l-glafs  muft 
be  greater  than  that  of  the  eyc-glafs,  or  it  will  not 
magnify  an  objed. 

2.  The  magnifying  power  is  equal  to  the 
quotient,  arifing  by  dividing  the  focal  diftance  of 
the  objed-glafs  by  that  of  the  eye-glafs. 

3-  The 
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3.  The  rays  proceeding  from  the  eye-g3afs  t» 
the  eye,  are  nearly  parallel ;  if  this  does  not  fait 
the  eye,  the  tube  containing  ihe  cye-glafs  mull  bf 
put  inj  or  drawn  out  a  little,  till  the  objed:  appear* 
diftind, 

4.  The  vifible  area  of  the  objed  is  greater,  the 
nearer  the  eye  is  to  the  gbfs.  and  depends  on  the 
diameter  of  the  eye's  pupil,  and  of  the  objeiii-glaii; 
the  field  of  view  is  therefore  very  frnall. 

5.  If  this  iclefcopc  be  long,  the  viGblc  area 
is  fo  fmall  as  to  render  it  ufclefs  ;  this  writes  &out 
the  fmallncfs  of  the' objeit-glafsi  but  if  this  be 
broader,  the  objed  will  be  coloured  ajid  tonfuitd. 

Of  th£  Astronomical  T£Lescope. 

The  next  kind,  which  is  denominated  the 
agronomical  te/c/cope,  confifts  alfo  only  of  tuw 
Itnfes,  and  both  of  them  are  convex.  Let  PAP, 
^'g.  1 5,  p!.  6,  reprefent  the  objeit-glafs  which  is 
convex,  and  whofe  focus  is  at  F;  QQ  a  deeper 
and  fmailer  convex  lens  for  the  eye-gTafs,  which  ti 
to  be  fixed  upon  the  fame  axis,  fo  that  it's  focus  . 
may  coincide  with  the  point  F ;  holdir^  the  cj-c  ax 
o,  fo  that  the  diftance  B  O  be  nearly  equal  lo  the 
focal  diftance  of  the  eye-glaf*.  With  a  telcfcopc 
conftrutitcd  in  this  manner  objects  will  be  fecji 
diftin<Sly,  and  magnified  in  the  lame  propcrtioo  as 
the  focus  of  the  olyed.-gIaIs  exceeds  itiat  of  the 
cye-glaflcs;  but  it  reprefenls  all  objects  irivertetj, 
which  does  not  Icflen  it's  value  for  aftro!iomi;aI 
purpofcs,  b;it  renders  it  inconvenient  and  improper 
for  viewing  terrcftrial  objcklts- 

'  I  have  to  explain  to  you,  ift,  Hoiv  this  ar- 
rangement of  glafles  fliews  difiant  objeils  diftiniiMv. 
2d,  Why  it  magnifies  in  the  fame  proporiion  a% 
,  the  focus  of  the  objcfl-glafs  excec'ds  that  of  the 
eye-giafs,  and  exhibits  the  objects  in  an  inverted 
i  poUlian. 
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pofition.'  'And,  3d,  Why  the  eye  is  not  to  be 
placed  clofe  to  the  cyc-glalV,  as  in  the  former 
conftruilHon. 

1.  The  firft  article  is  proved  in  a  fimilar 
manner  to  the  fame  article  in  the  preceding  con- 
ftrudion  j  the  rays  eP,  eP,  which  are  parallel  to 
each  other,  before  they  fall  upon  the  objetfl-glafs, 
are  thereby  refrafted  and  united  at  it's  focus ;  in 
order  therefore  for  diftintH:  vifion,  the  eye-glafs 
muft  re-eftablilh  the  parallelifm  of  the  rays,  which 
is  efFedtcd  by  placing  the  eye-glafs  fo  that  it's 
focus  may  be  at  F,  and  cbnfequently  the  rays  will 
proceed  from  it's  parallel  to  each  other,  and  fall 
upon  the  eye  in  that  dlrC(5tion. 

2.  For  the  explanation  of  the  fecond  article, 
let  us  confider  the  objedl  c  F,,  Jig.  16,  pi.  6,  fup- 
pofed  to  be  placed  at  an  infmiti;  diftance.  The 
image  of  this  obje£t  formed  by  the  object-glafs,  at 
it's  focus,  will  be  F  f ;  this  image  will  be  inverted, 
and  become  an  objcifi  for  the  eye-glafs,  and  being 
fituatedat  it's  focus  the  image  will  be  at  an  infinite 
diftance,  fuppofe  at  Gg,  A  G  being  confidercd  an 
infinite  diftance  as  wcil  as  A  E.  Now  to  deter- 
mine the  fizc  of  this  image,  draw  a  ftrait  line  B  f  g 
through  B  the  middle  ot  the  lens,  and  the  extre- 
mity f  of  the  image.  This  fecond  image  is  the 
immediate  objert  of  vifion,  and  being  at  an  infi- 
nite diftance  will  be  fcen  under  the  angle  GBg; 
but  the  objcifl  itfelf  is  fecn  under  the  angle  EAe. 
I  fcarcely  need  obferve  to  ycu,  that  it  is  indifferent 
where  the  points  A  and  B  arc  taken,  as  ihe.dif- 
tance  is  coiifidcred  as  infinirc.  Tiie  triangles 
F  A  ^  F  B  f,  may,  as  in  the  preceding  conftruftion, 
be  confidercd  as  fi;c!^ors  of  a,  circle,  the  line  Ff 
being  an  arch  common  to  both,  for  the  angles  are  fo 
fmall  that  the  chord  may  be  taken  for  the  arch ; 
JV  E  and  BF  are  the  refpcctive  radii,  and  the. 
arches  arc  equal  j  and  of  courfe,  as  1  have  proved 

before. 
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before,  the  angles  Faf  (or  EAe)  and  FBf  for. 
GUg)  are  in  the  fame  ratio  as  the  radii  BF  and 
A  F.  Therefore  the  angk  G  B  g,  under  which  the 
objeift  is  feen  by  the  telcfcopCj  is  fo  much  larger 
than  the  angle  EAe,  under  which  the  objcdt  is 
feen  by  the  naked  eye,  as  A  F  is  larger  than  B  F. 

3,  With  rcfped  to  the  place  of  the  eye,  the 
proper  fituation  thereof  is  determined  by  the  field  i 
for  if  you  remove  it  either  way  from  the  focus  of 
the  eye-ghfs,  the  field  is  diminiftied.  It  is  a  great 
advantage  in  telefcopes  of  this  conftruQion,  that 
by  removing  the  eye  from  the  eye-glafs,  the  field 
may  be  to  a  certain  degree  increafcd ;  and  it  is  ow- 
ing to  this  that  the  magnifying  power  of  thefe 
may  be  fo  much  increaied>  which  will  be  evident 
by  the  following  confiderations  : 

1.  Let  Ecjjig.  17,  pi.  6,  be  the  obje<a  at  an 
infinite  diftance,  e  the  extremity  vifible  by  the  te- 
tefcopc,  whofc  glafTes  PAP,  QBQ;,  are  fituated 
on  the  axis  E  A  B  O  j  we  have  now  to  confider  the 
direction  of  the  ray  e,  which  proceeds  from  the 
extremity  of  the  objcft  through  the  middle  of  the 
objecl-glais;  for  the  other  rays  proceeding  from 
the  fame  point  e,  only  contribute  to  ftrengthcn  the 
effcd  produced  by  this  ray; 

2.  The  ray  cA  paffing  through  the  middle  of 
the  glafs  P  P  is  not  bent,  but  paflmg  on  in  the  di- 
reftion  AfM,  paffing  by  the  extremity  f  of  the 
image,  and  falling  upon  the  eye-glafs  at  M.  Here 
it  is  neccflary  to  obfcrve,  that  if  the  eyc-glafs  is 
not  large  enough  to  reach  M,  this  ray  would  not 
enter  the  eye,  and  the  potnt  e  would  be  invifible  ; 
that  is,  in  other  words,  the  extremity  c  muft  be 
placed  nearer  the  axis,  to  make  the  ray  A  f  M  fall 
upon  the  eye-glafs. 

3.  This  ray  A  M  will  be  refraflcd  by  the  eyc- 
glafs  ;  the  mode  of  it's  refradion  will  be  ealily  in- 
veftigated  :  to  this  end  let  us  confider  the  fccond ' 

image 
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image  Gg,  Now  the  line  B  prolonged,  fell*" 
upon  g,  the  extremity  of  the  fecond  image,  and  the 
rcfraded  ray  takes  the  direcfiion  N  O,  which  being 
prolonged  falls  upon  g. 

4.  Since  then  the  two  lines  ON  and  Bf  meet 
at  gat  an  infinite  dillance,  they  maybe  confidered 
as  parallel  to  each  other  j  therefore,  to  determine 
the  pofition  of  the  refraded  ray  N  O,  we  have  only 
to  draw  a  line  parallel  ro  the  line  B  f. 

5.  From  hence  it  is  evident,  that  the  ray.NO 
muft  meet  with  the  axis  of  the  teiefcope  as  ar  O; 
and  fince  generally  when  the  magnifying  power  is 
great,  the  point  F  is  much  nearer  the  glafs  Q  Q 
than  the  glafs  P  P,  the  interval  B  M  will  be  a  little 
larger  than  the  image  Ff  j  and  as  the  line  NO  ia 
parallel  to  f  B,  the  line  BO  will  bcalmoft  equal  to 
B  F,  the  focal  diftancc  of  the  eye-glafs. 

6.  The  eye  being  placed  at  O  will  receive  not 
only  the  raya  which  come  from  the  middle  of  the 
objedl  E,  but  alfo  thofe  which  proceed  from  the 
extremity  e,  and  confequently  thofe  which  come 
from  all  other  parts  of  the  objed: ;  the  rays  from 
BO  and  N  O  will  fall  at  the  fame  time  on  the  eye, 
however  fmall  the  pupil  may  be ;  the  field  there- 
fore in  this  conftruclion  does  not  depend  upon  the 
fize  of  the  pupil,  provided  the  eye  be  placed  at  O, 
but  the  moment  the  eye  is  removed  from  O,  the 
apparent  field  is  dimiiiifhed. 

7.  If  the  point  M  was  not  at  the  extremity  of 
the  eye-glafs,  it  would  tranfmit  rays  that  were  fur- 
ther removed  from  the  axis,  and  the  field  would 
be  larger.  Therefore  to  determine  the  field  of 
which  the  teiefcope  is  capable,  draw  from  A  the 
middle  of  the  objeft-glafs,  to  M  the  edge  of  the 
eye  glafs,  the  line  AMj  this  continued  to  e,  the 
objett  will  mark  the  vifible  extremity  thereof, 
confequently  the  angle  E  A  c  or  BAM  gives  the 
femidiametcr  of  the  apparent  field,  which  is  con- 
fequently 
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fcquentty  augmented  in  proportion  as  the  eye- 
glafs  is  larger.  In  the  fltft  kind  the  field  depended 
on  the  aperture  of  the  pupil  of  the  eye,  in  this  it 
depends  on  the  aperture  of  the  eye-glafs. 

Bytheobjedt-glafs  the  object  is  carried  fromEe 
to  F  f ;  by  the  eye-glafs  it  is  as  it  were  removed  from 
Ff  to  Gg;  the  image  Gg,  from  being  at  fuch  adif- 
tancejisfceiidiftiniftly.  This  image  is  leenbythceye 
at  O  under  the  angle  G  O  g  or  B  O  N,  while  the  ob- 
■  jcit  is  feen  by  the  naked  eye  under  theangle  E  Ac; 
the  telefcope  therefore  magnifies  in  the  fame  pro- 
portion as  the  angle  B  O  N  is  greater  than  the  an-' 
gle  E  A  e.  Now  as  N  O  is  parallel  to  B  f,  the  angle 
B  O  N  is  equal  to  the  angle  F  b  f,  and  the  angle 
EAe  is  equal  to  F  A  f ;  therefore  the  magnifying 
power  may  be  determined  by  the  proportion  be- 
tween the  angles .  F  b  f  and  F  A  f.  Now  F  b  f 
is  as  much  larger  than  FAf,  as  the  line  A  F  is 
larger  than  the  line  B  f,  or  as  much  as  the  focus 
of  the  objcfl-glafs  exceeds  that  of  the  eye-glafs. 

Summary  of  the  Propertie*  of  thb  Astrono- 
mical Telescopb. 

1.  The  magnifying  power  is  in  the  propoN 
tion  of  the  focal  diftance  of  the  obje<^  to  the  eye.* 
glafs. 

2.  The  rays  emerging  from  the  eye-glafs  to 
the  eye  ftiould  be  parallel  for  a  good  eye;  if  this 
does  not  fuit  another  eye,  then  the  tube  muft  be 
puflied  in  or  pulled  out  till  the  objei^  appears  dif-« 
tinit.  •* 

3.  The  apparent  magnitude  of  an  objeft  19 
the  fame  wherever  the  eye  be  pUcedi  but  toe  vifi-  ■ 
ble  area  is  the  greatell  when  the  eye  is  nevly  af 
the  focal  distance  of  the  eye-glafs. 

4.  The  obje3  is  always  inverted. 

5.  The  vifual  angle  depends  on  tbe  brcadtb 
Vol.,  II.  K  k  or 
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of  the  eyc-g!afs ;  for  it  is  equal  to  the  ang!e  which 
the  eyc-glafs  fubtends  at  the  objed-glafs  from  Ee. 

There  are  two  other  circumtlances  relative 
to  the  perfection  of  telcfcopes,  which  we  have 
now  to  confidcr ;  the  brigblne/s  or  quantity  of 
iigbt,  and  the  difiinffne/s  with  which  objeifU  arc 
fcen. 

With  l-efpedt  to  brightnefs,  the  telefcope  may- 
be confidered  as  perfcifl  when  it  reprcfents  them 
as  bright  as  they  are  feen  by  the  naked  eye,  which 
is  the  cafe  when  the  aperture  of  the  pupil  is  filled 
by  the  rays  which  come  from  each  part  of  the  ob-  . 
jeifl  after  being  tranfmitted  through  the  telefcopC; 
fo  long  as  a  relcfcopc  furnifhes  a  fufficient  quantity 
of  rays  to  fill  the  aperture  of  the  pupil,  no  greater 
brightnefs  can  be  defircd,  for  a  greater  quantity 
would  beufclefs.  But  as  the  fizc  of  the  pupil  va- 
ries, it  has  been  tifual,  in  confidering  this  fubjed, 
toconiiderit  of  about  TTtof  an  inch  diameter:  when 
you  consider  that  the  light  of  the  fun  is  reckoned 
to  exceed  that  of  the  moon  300,000  times,  you 
will  eafily  perceive  that  a  fmall  diminution  of  light 
is  not  of  any  great  confequencc.  Let  us,  however, 
examine  the  rays  tranfinitced  by  the  telefcope,  and 
compare  them  with  the  afligned  diameter  of  the 
pupil;  this  will  be  tJearcr  by  attending  only  to 
one  point  of  the  objctft,  that,  for  indance,  which 
coincides  with  the  axis  of  the  telefcope. 

I,  The  objcd  being  at  an  infinite  diftance, 
the  rays  which  fall  upon  the  furface  of  the  obje£k 
may  be  cpnlidered  as  parallel  to  each  other ;  thcre- 
ibre  all  the  rays  which  come  from  the  center  of 
the  objedt  will  bp  contained  between  the  lines  e  P, 
e  P,  parallel  to  the  axis  K  A,fg.  1 5,  pi.  6.  All  thefe 
rays  taken  together  are  named  the  pencil  of  r^s, 
which  fall  upon  the  obje<fl-g!afi,  and  the  thick- 
nefs  of  this  pencil  is  equal  to  the  aperture  of  the 
objed-gUrs,  vfaofe  diameter  is  PAP. 

a.  Thi» 

L,„,;,...  J,  Cookie 


On  TiL£sedf*ES.  49^ 

1.  This  cylindrical  pencil  of  rays  is  changed 
Into  a  conical  one  P  F  P  by  the  objeift-glafs ;  after 
having  croITcd  at  the  focus  F,  the  rays  proceed  and 
form  another  cone,  the  apex  of  which  is  at  the 
focus,  and  the  bafe  is  the  eye-glafs.  Now  it  is 
evident,  that  the  bafe  of  the  cone  m  m  is  as  much 
fmallerthan  the  pencil  PP,  as  the  diftanccFB  is 
fhorter  than  the  diflance  A  F. 

3.  Now  the  rays  Fm,  Fm,  after ,  pafting 
through  the  eyc-glais,  again  become  parallel  to 
«ach  other,  and  form  the  pencil  no,  no,  which 
enter  the  eye,  and  paint  thereon  the  image  of  that 
point  from  which  they  originally  proceeded. 

J).  Every  thing  turns  now  upon  the  fizcof  the 
pencil  of  rays  no,  no,  which  enters  the  eye;  if  the 
diameter  thereof  is  equal  or  greater  than  the  aper- 
ture of  the  pupil,  it  will  be  filled,  and  the  objcft  . 
will  be  feen  with  all  pofTible  brightnefs. 

5.  But  if  the  fize  of  this  pencil  be  much 
fmallcr  than  that  of  the  pupil,  it  is  clear  that  the 
reprefentation  would  be  obfcure,  "which  is  a  great 
defed  in  any  telefcopc ;  to  prevent  which,  the  laft 
pencil  of  rays'fhould  be  rather  more  than  Vn-of  an 
inch  in  diameter,  though  it  would  be  better  if  it 
Was  neajly  -^  of  an  inch, 

6.  Now  it  is  evident,  that  the  fize  of  the  laft 
pencil  of  rays  depends  on  the  fize  of  the  firft  by 
which  it,  %  formed,  which  is  cafily  determined  ; 
for  we  have  only  to  fee  how  much  fmallcr  nn  is 
than  PP,  the  aperture  of  the  objeft-glafs.  Now 
t  P  is  to  n  n  as  A  F  to  B  F,  on  which  the  magni- 
fying power  depends;  therefore  the  magnifying 
power  (hews  how  much  larger  the  pencil  E  P,  E  P, 
is  than  the  pencil  no,  no 

7.  From  hence  it  is  evident,  that  the  aperture 
of  the  objed-glafs  fliould  be  incrcafed  in  propor- 
tion as  the  magnifying  power  is  augmented  ;  con- 
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fequently  if  this  proportional  diameter  cannot  be 
given  to  the  ofajedl-glafs,  the  telefcope  will  be  de- 
icdive. 

Opticians  have  eftablifticd,  as  a  general  rule, 
that  the  aperture  of  a  lens  Ihould  always  be  fmaller 
than  half  it's  fqcat  diftaice. 

DiftinAnefs  of  expreffion  is  confeffedly  the 
ftioft  important  article  in  the  nature  of  telefcopes, 
and  to  attain  it,  has  exercifed  the  genius,  and  called 
forth  the  abilities  of  a  Newton,  Doilond,  Euler, 
D'Alembicrt,  &c. 

You  may  remember  that  I  aflunned  as  a  prin- 
ciple, that  a  convex  lens  united  in  one  point  the 
image  of  all  the  rays  proceeding  from  any  given ' 
point  of  an  objecft.  If  this  was  rigoroufly  true,  the 
images  formed  hy  lenfcs  would  be  as  well  termi-^ 
natcd,  and  as  perfeiSly  defined,  as  the  objcifk  itfelf. ' 

But  this  principle  is  only  true  to  a  certain  de- 
gree, and  with  rcfpetl  to  thofe  rays  that  are  near 
the  center  of  the  lens  ;  for  the  rays  which  pafs 
through  the  glafs  at  a  diftance  from  this  center  are 
not  colledcd  in  the  fame  point  with  thofe  which 
pAfs  through  the  middle,  and  from  cbi»  double 
image  great  indillin<5tncfs  arlfcs. 

To  render  this  more  clear,  we  muft  again 
have  reference  to  a  diagram.  Let  PH,  Ji^.'7, />/.  7, 
be  a  convcx-glafs  ;  Ee  an  objccl:  tituated  on  the 
axis  thereof;  E  the  point  coinciding  with  the 
axis,  and  fending  out  rays  li  M,  E  N,  E  A,  E  M, 
EN,  on  the  furfacc  of  the  glafs.  We  have  to  con- 
lidcr  how  the  diretftion  of  thcfe  rays  is  changed  by 
the  lens. 

r.  The  ray  E  A  paffing  through  the  middle  of 
the  glafs  is  not  rcfratted,  but  proceeds  in  the  lame 
rectilinear dircQion  ABE. 

2.  The  rays  EM,  EM,  which  arc  very  neat 
to  E  A,  arc  only  refrafted  in  a  fmall  degree,  buffo 
as  to  Onite  fomcwhere,  as  at  F,  which  point  of 

unioa  . 
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union   we   have  confidered  as   the   focus  of  the 
lens. 

3.  The  rays  EN,  EN,  which  zre  further 
from  the  axis,  or  nearer  the  edge  of  the  glafs^  are 
rcfradled  fomewhat  ditTercntly,  fo  as  to  meet  ac  G 
nearer  the  lens  than  the  point  F.  forming  a  fepa- 
rate  image  G.g. 

4.  This  circumftance  concerning  the  rays 
which  fall  upon  the  lens  at  a  diflancc  from  the 
center,  and  there  forming  another  image  of  the 
fame  point,  fep^irate  from  that  which  is  formed  by 
the  rays  that  pafs  near  the  center  of  the  lens, 
chough  I  have  not  noticed  it  to  you  before,  merks 
conliderable  attention. 

■  .5,  From  hence  you  will  perceive,  that  the  firft-  - 
image  Ff  is  formed  only  by  the  union  of  thofe 
rays  which  are  very  near  the  middle  of  the  glafs, 
and  that  a  fucceffion  of  images  is  formed  by  the 
rays  that  are  more  and  more  removed  from  the 
axis,  till  at  lafl:  you  come  to  thofe  which  fall  near 
the  edge  of  the  lens,  which  form  the  image  G  g. 

6.  An  indefinite  number  of  images  arc  there- 
fore formed  between  Ff  and  Gg,  by  the  rays  that 
fall  upon  the  furface  of  the  lens  between  the  axis 
and  the  edge  thereof 

7.  This  fucceffion  of  images  is  termed  the 
aherration  arifingfrom  the /pbericity  of  the  glafs,  or 
the  difFulion  of  the  image ;  and  it  mull  be  evident 
to  you,  that  when  thcfe  r?ys  enter  the  eye,  the 
vifion  obtained  thereby  of  the  original  point  muft 
l>e  confufed  and  indiftintt ;  but  if  the  fpace  F  G 
could  be  reduced  to  the  point  F,  there  would  be 
no  confufion  or  want  of  diflinccncfs. 

8.  This  diftiifion  or  difperfion  of  the  rays  m 

f;reater  in  pr<^rtion  as  (he  arcs  P  A  B,  P  B  P,  are 
arger  fegments  of  their  refpei^tive  circles ;  and  ypu 
will  perceive  from  thence,  that,  very  thick  and  con- 
vex lenfea  are  to  be  reiedted;  thus,  in  this  figure. 
K  k  3  where 
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V here  the  arcs  PAP  and  PBP  are  the  fourth 
part  of  the  whole  circumference,  the  confulion  , 
would  be  infupportable. 

9.  Some  authors  who  have  written  upon  this 
fubjeft,  fay,  that  the  arch  forming  the  lens  ftiould 
not  contain  more  than  2odegrees  of  it's  refpeaivc 
circumference. 

IS.  But  if  the  lens  be  deligned  for  the  objeft- 
glafs  of  a  telefcope,  it  muft  be'  formed  of  an  arc 
containing  fewer  degrees;  for  though  the  difper- 
fion  of  the  rays  may  be  infenfible  in  ilfcif,  the 
magnifying  power  multiplies  it  as  often  as  the  ob- 
ject itfelf:  hence  the  greatcir  the  magnifying  power, 
'  -■■'■  fmaller  rhe  number  of  degrees  that  fbould  be 
embraced  by  the  objedt-gtafs. 

When  the  difpcrfion  of  fhe  rays  is  very  great, 
it  may  be  kfTtned  by  covering  the  edge  of  the  lens 
with  an  opake  riiifr,  kaving  only  a  ftnall  aperture 
round  the  center  of  the  lens ;  by  this  means  dif- 
tinilnejs  is  reftorcd,  but  hrighincjs  is  diminiihcd, 
and  as  mnch  is  lolt  on  one  hand  as  is  gained  on 
,  the  other  ;  the  more  fo  as  every  increafe  in  magni- 
-fying  power  requires  a  proportional  increafe  of 
apcriuie.  Or-ncians  ha.t;  therefore  with  much 
•  pains  and  afliduitv  endeavoured  to  difcover  fome 
means  of  correc;  in^;  tins  difperfion",  without  Icffen- 
-  ing  the  aperture  of  the  object-glafs. 

The  focui  of  the  rays  which  pafs  through  the 
middle  of  a  C;.nvcx  lens,  is,  as  you  have  feen,  fur- 
ther from  tlic  lens  thantlie  focusof  the  rays  which 
pais  near  the  edge  of  the  glifs.  Now  it  has  been 
obferved  by  opticians,  that  a  concave  lens  produces 
a  contrary  efiect  j  they  have  confcquently  invefti- 
gated  this  fubje.ff,  in  order  to  fee  whether  they 
could  not  combine  a  concave  with  a  convex  lens, 
'  fo  as  to  coi-rett  or  deftroy  this  aberration,  while 
the  coiripound  lens  produced  the  ordinary  efteil  of 
jl  finipic   objcd-glafs.      We    have  already  fliewn 
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j'ou,  that  concave  Icnfes  are  confidcred  according  to 
their  focus  as  well  as  convex  Icnfes,  but  with  this 
difference,  that  the  focus  of  a  concave  lens  is  vir- 
tuai  or  imaginaryy  and  falls  before  the  lens,  while 
that  of  the  convex  is  real,  and  fails  behind  the 
lens.  Thefe  circumftances  being  confidered,  op- 
ticians reafoned  in  the  following  manner, 

I.  !f  you  place  a  concave  IciTs  behind  a  convex 
one  of  the  fame  focal  diftance,  the  rays  that  would 
have  been  united  in  il's  focus  are  fo  refracted' as  to 
bp  rendered  parallel  to  each  other,  as  they  were  be- 
fore they  entered  theglafs. 

1.  In  this  cafe  the  concave  lens  deftroys  the 
efFetftof  the  convex,  and  the  rays  go  on  in  theirori- 
ginal  and  natural  order. 

3.  If  the  focal  diftance  of  the  concave  lens  is 
fmaller  than  that  of  the  convex,  the  effeA  would 
he  greater,  and  the  rays  rendered  diverging.  I'hus 
the  incident  parallel  rays,  LM,  LA,  LM,  fig.  8, 
p/.7,  paflingthroughthe  glaffes  MP,  QQ,  wiTim> 
on  diverging  in  the  dircdtion  NO,  BF,  MO. 
Thefe  two  glalTcs  therefore,  when  combined,  pro- 
duce the  fame  effeft  as  a  finglc  concave,  that  would 

five  to  parallel  rays  the  fame  degree  of  diverg«ice, 
'wo  glaffes  combined  together,  of  which  the  con- 
cave has  a  fmaller  focal  diftance  than  the  convex, 
are  equivalent  to  a  fingle  concave  glafa.   - 

4.  But  if  the  concave  lens  Q  Q,  fig.  9,  pi.  7, 
has  -a  longer  focal  diftance  than  the  convex  lens 
PP,  -it  will  not  even  render  the  rays  parallel  that 
the  convex  lens  would  unite  at  it's  focus  F.  but  it 
will  however  fo  far  leflen  their  convergence,  that 
inllead  of  meeting  at  £  they  will  unite  at  O,  a 
point  further  from  the  lens. 

5.  Th^  combined  lenfcs  in  this  inftance  pro- 
duce the  fame  effcd  as  a  fingle  coavex  lens,  whofe 
focus  would  be  at  O.  k  is  evident  then,  that  it  is 
potable  to  vary  inHnitely  the  combination  of  t«'o 
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lenfn,  the  one  convex  and  the  other  concave.  To 
that  the  combined  lenfes  may  be  equivalrat  to'an^ 
■given  convex  lens. 

6.  Such'a  combined  lens  may  be  applied  to  a 
tekfcope  inftead  of  a  ftngle  lcns>  and  the  cffcQ.  with 

■  refpc(^  to  magnifying  power  will  be  ftill  the  fame ; 
but  the  degree  of  dimifion  or  difperfion  in  the  rays 
will  be  very  different;  it  may  be  greater  or  much 
iefa  than  in  a  fmglc  lens  :  in  the  lafl:  cafe  the  dou- 
ble objedl'glafs  will  be  far  preferable  to  a  fingte 
one. 

7.  But  what  is  ftill  more  advant^^ous,  it  is 
fpoflibJe  fo'to  arrange  them,  th^t  this  difperfion  may 
lie  drftroyed.  Calculation  difcovers  thefe  combi- 
nations, but  the  hand  of  the  artift  is  not  equal  to 
(he  execution. 

The  combinaticm  of  two  lenfes  in  the  manner 
-that  I  have  here  defcribed,  forms  what  is  called  4 
compound  ohje£i-glafs  i  the  end  to  be  attained  is, 
that  the  rays  which  pafs  through  the  lens,  as  well 
thofe  at  the  edge  as  thofc  at  the  center,  may  be 
united  in  a  fingle  point,  and  form  only  one  itnag^, 
without  fuch  a  difperlion  of  the  rays  as  Cakes  plaCe 
.in  afin^e  objed-glafs. 

mixej  are  the  advantages  that  would  be  de- 
rived from  fuch  a  combination;  the  objeA  would 
appear  more  diftind  and  better  terminated,  be- 
c^ufe  (he  vifion  would  not  be  confufed  by  that 
mixed  fucceflion  of  im^^es  produced  by  a  iii^e 
'Objeit-gbfs.  This  difperfion  of  the  rays  is  orte 
-of*^  the  principal  rcafons  which  forces  us  to  ntake 
ufe  of  very  long  telefcopes,  in  order  thereby  to  di- 
miniih  (he  ef^dt  of  the  difperfion ;  but  if  this 
difperfion  was  entirely  ddkoyed,  much  fmalter 
ones  might  be  ufed,  th^t  fliould  be  produ&ive  of 
the  fame  efied. 

""It  will  be  neceflary  tto  obferve  to  you  here, 
th«t  (he  Adcs  or  hxxx  of  the  lenfes  nuy  be  formed 

in 
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in  different  wayj,  almoft  ad  infimtum^  Rnd  f«t  the 
focus  remain  the  fante  ;  this  is  effected  by  forming 
the  tides  of  equal  or  unequal  radii,  as  will  be  evi- 
dent by  confidering  an  example.  Let  us  fuppofe 
then  a  convex  lens,  whofe  (ides  have  been  fqftned 
oh  a  tool  of  24  inches  radius,  confeqitently  cftdi 
fiice  is  the  fegment  of  a  circle  of  24  inches  ndiin.| 
it  will  be  equally  convex  on  both  fides,  and  be  of 
24  inches  focus,  as  comnaonly  eflimated ;  hvi  at- 
the  focus  depends  on  the  refraiftion,  it  varies  «c- 
cording  to  the  denfity  of  the  glaft  j  generally  the 
focal  point  is  nearer  tlte  lens  th^n  the  ndii  of  the 
face,  fomecimes  a  tenth  or  twelfth  part,  £3  that  the 
lens  that  we  have  fuppofed  to  be  ground  on  a  tool 
of  24  inches  radius  wUl  have  it's  foouB  at  21 
inches. 

By  making  the  furfaces  unequal,  an  infinite 
variety  of  lenfes  may  be  formed,  that  fliall  ell  have 
the  fame  focus  ^  ex.  gr.  if  one  face  be  taken  of  a 
fmaller  radius  than  24  inches,  the  other  muft  "be 
Ci^enofa  longer,  the  one  thus  compensating  for 
the  othA-.  The  following  table  exhibiu  a  view-Df 
roitie-of  the  varieties  with  which  the  two  faces  of 
a  lens  may'be  worked,  and  yet  produce  -the  fame 
eiFea. 

Gteffes.    Radtut^of  iASkc.    Radiinof  sd^fiuie. 
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-tlie  half  of  24  inch«  j  but  the  other  face  the  feg- 
rment  of  a  circle,  whofc  radius  is  infinite,  and  there- 
fore nuty  be  confidered  as  a  ftrait  line  j  and  thcre- 
•forc  this  lens  would  be  a  plano-convex, 
)  >  If  you  are  defirous  that  one  of  the  faces  be 
4 formed  of  a  fmallcr  radius  than  .12  inches,  the 
-other  face  muft  be  concave,  and  the  glafs  will  be 
1  convexo-concave,  or  what  is  termed  a  mcnijcus. 
The  fallowing  cable  is  a  fpecimen  of  figures  for 
this  form :    . 
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You  have  here  then  lixteen  different  kinds  of 
Icnfes.'H'hofe  foci  will  alt  be  at  the  fame  diftance 
or  point.  -  If  the  focus  only  were  confidered,  it 
would  be  indifferent  which  of  thefe  were  employed; 
yet  it  is  not  fo  with  refpcifl  to  the  difpcrfion  of  the 
rays,  for  in  this  refpeiS  they  differ  conliderably  ;  it 
is  much  more  in  fome  than  in  others.  Amongft 
thefe,  that  of  the  feventh  kind  is  one  of  thofe  where 
the  difpcrfion  is  leaft,  being  nearly'  one  half  lefs 
than  it  would  be  if  the  lens  were  equally  convex  on 
both  fides  ;  and  it  is  therefore  of  an  advantageous 
figure  for  a  fingle  objeA-gUfs. 

From  what  has  been  faid,  you  perceive,  that 
in  order  to  corredl  the  abciration  that  arifcs  from 
the  fphericity,  it  is  neceifafy  to  refolve  a  problem 
which  will  difcovcr  what  are  the  proper  ladii  fof 
the  two  furfaccs  of  a  lens,  fo  that  the  difpcrfion  of 
the  rays  may  be  annihilated ;  the  ^uuon  requires 
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a  confiderable  knowledge  of  the  more  profound 
parts  of  geometry,  and  therefore  does  not  come 
within  the  compafs  of  ihefc  Lectures  ;  onoir^h, 
however,  has  I  hope  been  faid  to  render  the  fubjeft 
clear  to  you,  and  to  point  out  the  necelliry  and 
nature  of  thefe  inveftigations. 

There  is  ftill  another  aberration  to  be  cor- 
reiSed,  another  caufc  of  dijperfwn  in  the  rays  to  be 
counpcracled  ordeftroyed  ;  this  fecmsmore  impor- 
tant, and  more  diflicuU  to  be  cured,  as  it  does  not 
depend  on  the  glaji,  but  on  the  nature  and  proper- 
ties of  the  rays  of  light.  You  no  doubt  remember 
what  I  have  already  told  you  refpefting  the  variety 
in  the  rays,  according  to  the  different  colours  they 
pccalioned,  that  is,  that  they  were  of  different  de- 
grees of  rcfrangibility  ;  thus,  that  the  red-making 
rays  were  the  l^ft  refracted,  and  the  violet-mak- 
ing rays  the  molt  refratSted,  all  the  other  rays  fal- 
ling within  thefe  two  extremes. 

Thus  when  a  beam  of 'light  falls  obliquely 
upon  a  piece  of  glafs  A  BCD,  fiz.  10,  pi.  7,  in- 
ftead  of  proceeding  in  the  fame  diredlion  PQ,  it 
is  not  only  refracted  but  feparated  into  fevcral 
rays  Ft,  PS,  Pr,  Pv,  of  which  the  firft  Pt,  that 
is  the  leaft  refrarted,  rcprefcnts  the  red-making 
ray,  and  the  lafV  Pv,  the  violet-making  ray.  Their 
divergence  is  indeed  much  lefs  than  that  which  ia 
reprefcnted*  in  this  diagram,  but  fufficient  to  be- 
come fenliblc. 

From  this  difference  in  the  rcfrangibility  of 
the  rays,  arife  various  phenomena  with  rcfpeA  to 
dioptric  glaiTcs,  among  which  are  the  following : 

I.  LctPP,/^.  II, pi.  7,  be  a  convex  lens  at 
a  confiderable diftance  AO,ftom  the  object  Oo,  to 
determine  the  image  formed  by  the  lens,  without 
taking  into  confideration  the  aberration  already 
difcuued ;  01  what  comes  to  the  fame  thing^  only 

con- 
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ronfidering  the  rays  that  pafs  through  the  middle 
,  of  the  lens. 

2.  Let  us  fuppofe  that  the  objeift  Oo  be  red, 
and  the  rays  proceeding  therefrom  will  be  all  red- 
making  rays,  and  will  form  fomcwhere  a  red  image 
Rr  of  the  objedt,  and  R  will  be  the  focus  of  the 
red-making  rays,  or  thofe  which  have  the  leaft  re- 
-fracHiion. 

3.  But  if  the  obje<5t  Oo  be  violet,  the  rays 
will  be  more  refraded,  and  the  image  Vv  will  be 
nearer  the  lens,  and  the  point  V  will  be  the  focus 
of  thefe  rays. 

4.  If  the  objeifl  be  of  any  of  the  intermediate 
colours  between  thefe  two,  the  image  will  fall  be- 
tween R  and  V. 

5.  But  if  the  objeifl  is  not  of  an  homogeneous 
colour,  (or  is  white,)  as  is  the  cafe  in  moft  bodice, 
the  different  kinds  of  rays  are  fejftrated  by  refrac- 
tion, and  each  kind  forms  an  image  apart :  that 
formed  by  the  red-making  rays  will  be  found  at 
R  r,  and  that  by  the  violet  at  V  v,  and  the  fpace 
R  V  will  be  filled  by  images  of  the  intermediate 
colours. 

6.  The  glafs  P  P  will  reprefent  an  indefinite 
number  of  inMges  of  each  object  Oo  formed  in  the 
fpace  R  V,  and  fituated  in  the  order  of  the  prif- 
matic  colours; 

7.  Each  of  thefe  images  will  be  diftinft  in 
itfeif,  but  taken  together  productive  of  a  very  fen- 
fible  confufioQ. 

8.  Here  then  is  another  fpecies  of  difperiion 
totally  independent  of  that  which  we  have  al- 
ready treated  of,  and  tinging  eai^h  image  with  a 
particular  colour. 

9.  This  difperfion  depends  confidcrably  on  the 
focal  diftance  of  the  lens,  being  about  ■'Mh  part; 
when  the  focal  diftance  is  28  feet,  the  fpace  R  V   ■ 
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is  about  I  foot.    If  the  lens  was  of  56  feet  focus* 
RV  would  be  about  2  feet. 

I  have  now  explained  to  you  a  fccond  fource 
or  caufe  of  indiftindt  or  imperfeiit  vifion ;  namely, 
that  which  arifes  from  the  different  rcfrangibility 
of  the  rays:  which  requires  a  different  mode  of 
correAion  from  the  former  error,  which  1  fliall 
treat  of  when  we  come  to  fpeak  of  acromatic 
TELESCOPES ;  and  only  fhew  here,  how  the  error 
may  be  ina  degree  correded,  by  the  difpofition  of 
the  eye-filaffcs. 

1.  It  is  certain,  that  the  objcd-glafs  forms  an 
infinity  of  images  of  each  object,  fucceflively  rang-  ■ 
ed  in  the  fpace  of  diffufion,  each  of  which  tinged 
with  it's  proper  colour. 

2.  Each  of  thcfc  images  becomes  an  objeil, 
with  relpe6t  to  the  eye-glal's,  wish  it's  -refpeCtivc 
colours  ;  and  if,  inftead  of  one  cye-glafs,  more  are 
ufed,  the  fame  thing  ftill  takes  place. 

3.  Let  us  therefore,  in  this  diagram,  confider 
the  lait  images  that  the  telefcope  forms  for  the  eye 
at  O,  and  let  Rr  be  the  red  image,  and  Vv 
the  violet ;  the  other  colours  falling  within  this 
fpace,  according  to  their  dilFeren,t  degrees  of  re- 
frangibility.  The  Icnfes  are  not  exhibited  inthe 
figure,  becaufe  we  are  only  to  conlidcr  the  manner 
in  which  the  images  are  fcen  by  the  eye,  fuppofing 
jhe  difttnce  from  the  eye  to  them  to  be  very  great; 

4.  All  thefe  images,  together  with  the  mter- 
mediate  ones,  are  fituated  on  the  axis  URV  of  the 
telefcope,  and  terminated  by  a  ftrait  line  rv,  that 
we  may  call  the  terminator  of  alt  the  images, 

5.  According  to  the  rcprefentation  in  the 
figure,  the  red  image  Rr  is  feen  by  the  eye  at  O, 
under  the  angle  ROr,  which  is  larger  than  the 
angle  VOv,  under  which  the  violet  image  Vv  is 
viewed ;  the  violet  rays  which  enter  the  eye,  are 

.  therefore  mixed  with  the  red  rays  which  proceed 
from  the  part  Rr  of  the  image  Rn  and,  confe* 
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ifuentl^t-^  rhere  is  a  very  great  confufion  of  thtf 
images. 

6.  But  the  ray  Or  not  being  mixed  with  the 
others,  the  extremity  or  edge  of  the  image  will  ba 
red;  but  will  fopn  after  be  mixed  with  the  other 
colours,  forming  the  iris,  which  is  fo  common  in 
other  telefcopcs.  If  the  largell  image  was  the 
Tiolet,  the  confufion  would  be  as  great  as  be- 
fore, with  only  this  difference,  that  the  extreme 
edge  would  be  violet,  not  red. 

7.  Much  of  the  confufion  will  depend,  there- 
fore, on  the  pofition  of  the  terminator  r  v  1  and  from 
the  various  fituatlons  that  may  be  given  to  it,  this 
confufion  will  be  fometimes  greater,  and  iome- 
times  lefs. 

8.  Suppofe  that  the  images  were  fo  arranged, 
that  the  terminator  v  r  pafTed  directly  into  the  eye 
by  a  iingle  ray  vrO;  then  the  extremities  of  the 
image,  and  all  the  points  which  anfwer  to  one 
point  in  the  objeft,  would  form  only  one  point  in 
the  eye,  and  the  point  of  the  objedt  would  be  re- 
prcfented  diftindly. 

9.  Thi§  advantage  is  to  be  obtained  when  the 
terminator,  being  prolonged,  pafJes  diredly  into 
the  eye ;  and  fuch  a  pofition  is  to  be  fought  for  in 
the  arrangement  of  the  eyc-glafics. 

Before  we  enter  upon  acromatic  telefcopcs,  I 
Ciall  endeavour  to  explain  the  nature  of  telelcopcj 
with  three  cye-glafTcs,  in  which  the  image  is  fcen 
ercd. 

.  .  I.  LctthcfourglafTcsA.  B.  C.D,/^.  7.  ;>/.  8, 
in  the  tube  reprcfeiit  the  telefcope ;  the  glafs  A, 
dircdcd  towards  the  objeft,  is  called,  as  we  have 
before  faid,  the  objcOl-glals,  the  three  others  thu 
eyc-glalTcs  ;  the  four  glafTes  are  convex. 

2.  Let  us  confider  the  eficft  produced  by  each 
eyc-glafs,  the  object  oO  being  fuppofed  at  a  con- 
fiderablc  diftance.  The  obje»:t-glais  will  form  an 
image  of  the  objc*^:  at  Pp,  it's  focu» ;  the  fize  of 

this 
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this  image  may  be  found  from  o,  through  tlieinrd-^t 
die  of  the  glafs  A.  1  have  not  drawn  this  iinc/ 
in  order  to  avoid  confufton  from  a  muUiplicicy 
thereof, 

3.  The  image  Pp  now  becomes  an  objeA, 
with  refpeifl  to  the  eye-glafs  B,  which  is  fo  placed' 
that  the  interval  B  p  is  equal  to  the  focui  of  B  j' 
by  this  the  fecond  image  is  tranfported  to  Q  q,  and 
is  inverted,  as  well  as  the  firft  Pp  ;  it's  fize  is  de- 
termined by  a  line  drawn  from  the  middle  of  the 
glafs  B,  through  p. 

4.  The  interval  A  B,  between  thcfe  two  lenfes, 
is  equal  to  the  fum  of  their  foci,  forming  the 
aftronomical  tclefcopc  already  explained ;  the  image 
being  inverted,  and  magnified  as  many  times  as 
A  P  exceeds  B  P  j  but  inftead  of  the  eye-glafs, 
another  lens  C  is  placed  behind  B  -,  with  rapcfl: 
to  this  lens,  the  image  Q  q  becomes  the  objeft, 
which  being  at  a  confidcrabiediftancc,  the  lens  C 
fonns  an  image  thereof  at  it's  focus  r. 

5.  The  image  Qq  being  invertsed,  that  of 
R  r  will  be  inverted,  and  terminated  by  a  right 
tine  drawn  from  q  through  the  middle  of  the  glafs 
C,  which  will  pafs  by  rj  confequently,  the  three 
lenies  A,  B,  C,  give  the  image  of  the  objedt  Oo  at 
r,  and  this  image  is  upright. 

6.  You  have  now  only  to  place  the  third  lens 
fo  that  the  interval  D  R  be  equal  to  the  focus. 
By  this  the  image  will  be  again,  as  it  were,  tran- 
ferred  to  an  infinite  diftance  Ss,  of  which  the  fize 
will  be  determined  by  a  ftrait  line  drawn  through 
the  middle  of  the  glafs  d,  and  pafiing  by  the  extre- 
mity of  the  image  r,  and  the  image  Ss  will  be 
feen  by  the  eye,  initead  of  the  object  Oo. 

7.  It  is  eafy  now  to  determine  how  many  times 
a  four-giafTcd  telefcope  magnifies  the  objeit.  For 
this  purpofe,  you  have  only  to  confidcr  the  lenfcs 
in  pairs.  A,  B,  and  C,  D ;  each  of  ihefe,  taken  fe- 

.    paratelv,  being  an  aflronomical  telefi-opc.'    The 
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ficft  p»ir  of  ghifes^  A  and  B,  magnify  the  object 
<3  nuny  times  as  the  focal  diftance  of  A  exceeds 
Hal  of  B.  «nd  jufl  fo  many  times  the  image  Qq 
exceeds  the  objed  O  o. 

8.  Qq  being  now  confukred  as  the  obje<%,  is 
nu^nifira  as  many  times  as  the  focus  of  C  exceeds 
that  of  D ;  thcfc  two  powers  added  together,  give 
the  total  magnifying  power  of  the  teleu:ope^ 

J'ig,  I  r>  pt.  4,is  a  pcrfpe«;tive  view  of  a  model 
ddigned  to  iJluftrace  the  nature  of  a  four-glafs 
telefcope,  which  fhews  the  objefts  in  their  true 
poiliiont;  the  rays  of  tight  arc  reprefented  by  filk 
firings  of  different  colours^  fo  that  their  progrefs. 
is  eafily  traced  j  A  B  C  the  objeift,  D  E  the  objetft- 
glafs,  1 K,  M  N,  Q  R,  the  eye-glaffes,  fo  placed 
that  the  foci  of  D  li  and  I K  meet  in  G.  Thofe  of 
I  K  and  M  N  may  meet  at  L,  and  thofe  of  M  N, 
Q  R,  may  meet  in  g.  From  the  progrefs  of  the 
rays,  you  perceive  that  the  image  at  HT  is  in- 
verted, that  the  rays  proceed  from  I K  in  a  parallel 
dirc(ftion,crofling  at  L,  from  whence  they  go  on 
i»  M  N,  pafs  through  it,  and  are  thereby  converged 
into  a  focus,  and  form  a  fecond.  image  f  g  h  eredt, 
which  image  will  be  viewed  by  the  eye  in  the  fo- 
cus of  the  eye-glafs  Q  R.* 

Summary    View  op    the  Properties    of    this 

TsLtgCOPE. 

The  magnifying  power  is  in  proportion  as  the 
focal  difence  of  the  obje<%-glafs  is  to  the  focus  of 
the  eye-glafs. 

It  Ihcws  the  objrft  ered,  but  not  fo  bright  as 

in  the  telefcope   with   two  lenfes ;   becaufe  the 

other  eye-glafs  refleds  a  confidcrable  quantity  of 

light  which  is  loft. 

^  The 

•  At  /g.  1  a,  pL  4,  mother  model  is  reprercnied,  foimc<l 
wtih  lenlcs,  to  Iry  cxperineaully  the  pUccs  ot  ihe im«get. 


The  vifible  area  depends  on  the  breadth  of 
ihe  eyc^lafs. 

The  brightnefs  df  an  objet5i  fee^  through  A 
given  telefcdpe,  is  greater  iii  proportion  as  the 
aperture  of  the  objea-glafs  is  greater^ 

If  the  aperture  And  focus  of  the  objet^glafs 
remain  the  lame,  afi  obje(5t  appears  brighter  or 
fainter  according  to  the  greater  or  lefs  focal  dif- 
fance  df  the  eye-glafs,  that  is,  according  to  the 
magnifying  power ;  for  the  lame*  quantity  of  ligbc 
being  fpread  over  a  greater  or  fmaller  fiirface^  ren* 
ders  the  image  obfcure  or  brighter. 

Ok  the  CoNsTKoctroN  and  macnifyikg  Power. 
VF  Telescopes  made  With  several  ErE-GLASs£s. 

In  thi#  diagraih,  pi.  8,  fg.  i,  A  is  the  'firft, 
B  the  fecond,  C  the  third,  D  the  fdurth,  E  the  fifth 
tye-glafs,  and  O  the  objed-glafs,  DA  the  axis 
of  the  ceJefcope  Is  alfo  the  common  sixh  of  all  the 
IcnfeS;  tmw  an  oblique  pencil  palTing  through  the 
(>bje<ft-glars,  and  falling  on  the  extreme  edge  of 
the  lehs,  which  is  next  the  dbjedl-glars.  Ow  is 
the  axis  of  the  pencil  [reprefented  by  a  black  line), 
Ihewn  as  rcfradted  fucceflively  into  the  lines  wv^ 
V  t,  t  s,  s  r,  r  «,  cuttifig  the  axis  of  the  telcfcope 
(when  produced)  in  the  points  t,  5,  y,  p,  a,  refpcc- 
tively.  O  is  the  focus  of  this  oblique  pencil  aftef 
refra(flion  at  the  objn5l-glafs  j  e,  d,  c,  b,  the  fuc- 
ceflive  foci  of  this  pencil  after  refriatSion  at-each  of 
the  eye-glaflesi  From  each  of  thcfc  foci  draw 
perpendiculars  to  the  axis'  of  the  telefcope^  and 
thcle  perpendiculars,  o x,  eg,  d h,  c  z,  b y,  will  be 
places  and  inagnitudes  df  fucceflivc  images  either 
f-fal  or  imaginary  i  real  when  the  image  is  aiSually 
formed,  fo  that  it  would  be  viliblc  if  the  rays  were 
teceived  upon  a  whice  piper  j  Jmaginafy  whert 
the  ray9  aftef  refr^iftion  proceed  as  if  they  came 
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&om  OS-  tended  to  fuch  aji  image,  although  tlus- 
image  is  not  atftuaWy  formed,  filbert  the  t'l/mge-  is, 
rea/,  tbf  rn\s  o/"  facb  pencil  aSiuatly  tome  to  a  focus. 
When  it  is  imaginary^  thefe  rays  after  rcfj^dliom 
diverge  frotn  or  tonvt-Fge  towards  fuch  a  focitf, 
but  are  nrver  aflually  unircd. 

Although  each  lens  lias  it's  image  either  rcil 
©r  imaginary,  yet  there  are  onfy  two  real  opes  ia 
the  conftruftion  here  delineated^  the  firft  eg  in-i 
verted,  the  fecond  by  upright. 

When  the  number  of  real  images  is  even,  tha 
obje£t  will  be  feen  upright;  when  that  number 
is  odd,  the  objefl:  is  inverted.  Galileo's  telefcope,  in 
which  there  is  no  real  imstge,  ftiews  the  object  u|>- 
tight !  it  cannot  therefore  be  applied  to  inftru;- 
ments  in  which  crofs  wi-res  are  neccflary,  becaule 
the  wires  cannot  be  fo  placed  as  to  be  feen  dif- 
tiniSly  together  with  the  objed. 

All  thati  iiS  eflential  to  the  cooftruftion  of  te- 
fefcQpes  is,  only  that  the  rays  of  the  fame  pencil,. 
which  enter  paEallelj  {hould  likewife  emerge  pa- 
rallel, for  the  objed:  will  in  that  cafe  be  feen  dif- 
tinitly  J  the  iateivak  and  focal  lengths  thetefocc 
of  all  the  Icnffs^ except  onc^  may  be  alTumed  at 
pleafure.from  whencethatone  muIV  be  determined. 
This,  afiertion  of  moft  writers  on  optics  is  true,  if 
nothing  elfe.  be  auendcd  to  but  the  courfe  of  a  few 
rays  coming  from  a  fiBgle  point  in  the  axis  of  the- 
^te^cope,  2nd  it  be  only  required  that  the  middlc- 
,of  theobjeift  be  fee»  diftinftly  ;  but  the  cafe  is  very 
different,  if  it  berBcquircd  that  all  partsof  the  ol>- 
jeft  ftiQutd  be  feen  as  far  as  may  be  eqjially  dif- 
rinft,  for  then  the  aberration  of  the  extreme  pen- 
cil in  pafling  through  the  eye-glalTes  muft  be  takciL 
into  confideration  ;  and  the  number,  place,  and 
focal  lengths  of  the  eye-gtafles,.  muft  be  fuch  as- 
may  leScn  at  kaA,.  if  not  umove  theie  abem* 
tions. 

Ir 
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It  tnay  be  ftblerved,  that  generilly  ift  any 
fingle  lens,  the  grcatct-  the  ffical  length,  and  tht 
lefs  tl:e  aperture,  the  left  «ill  be  the  aberration  of 
the  refrafiled  rays.  That  conftruiaion  is  then  fora 
{ceteris  paribus)  the  beft,  in  which  the  eye-glaffes 
have  large  focal  diftances  and  frriall  apertures ; 
thofe  efpcciaily  that  are  concerned  in  forming  tht 
laft  image.  As  to  the  fingle  lens  by  which  the 
tafl  image  is  viewed,  it  may  be  allowed  to  have  a 
ihoft  focal  kngih,  particularly  if  it's  aperturt 
may  be  contracted  r  for  though  tHiS  lens  magnifiei 
the  faults  already  made  iil  the  laft  ima^e  by  the 
other  glafs,  it  does  not  create  new  fatiilts. 

Among  the  various  forts  of  eclefcopeJ  made 
*ith  convex  Icnfes,  and  defigned  to  Ihew  the  ob- 
jed  upright,  thofe  with  four  or  fi*e  glaffes  art 
preferable  to  thofe  tfith  fewtfr.  The  fewer  lenfea 
there  arc  in  the  eye-tube,  the  gi'eatef  muft  be  the 
refradtion  of  the  extreme  pencils  at  each  \eni,  fup- 
pofing  the  fum  of  all  the  refractions,  oi*  the  whole 
change  in  the  diredlion  of  the  pencils,  Co  be  the 
fame.  Now  though  the  number  of  refrai5tions  is 
increafed,  yet  if  the  quantity  of  each  refradHon  bd 
proportiortably  diminilhed,  the  fum  of  all  thd 
aberrations  in  thefe  pencils  will  be  greatly  lef- 
fened;  and  the  lofs  of  light,  by  pafling  through 
more  glalTes,  will  be  very  inconfiderable. 

Agreeable  to  this  principle,  it  is  found,  that  ari 
objedt  feen  through  two  double  convex  lenfes, 
both  of  a'  fize,  and  put  clofe  together,  appear^ 
diAintfter  near  the  edges  of  thofe  lenfes,  than  if 
feen  through  one  lens  whofe  focal  length  is  equal 
to  that  of  the  other  two  fo  combined  together; 
likewife  two  equal  plano-convex  lenfes  Hie^^  art 
objeift  diflinder  at  their  edges  *hen  combinedf 
with  their  convex  fides  touching  each  other,  than' 
Contrariwife.  Thus  then  thcaberrationsfrom  the 
figure  ef- the  eye-glalTes  may  be  IcITeUed,  by  in- 
H  3  J  ^^  (Cj-^afijc^ 
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.crcafing  the  number  and  diminifhing  the  quanticjr 
of  ihe  fcvcral  rcfracflions. 

The  lens  E,  which  intercepts  the  rays  before. 
the  firft  image  is  formed,  diminifhes  the  magnify- 
ing power,  but  improves  the  diftindtnefs  of  the 
teklcope,  by  leflening  the  diameter  of  the  aper- 
tures of  the  deep  lenfes  D  and  C.  The  extreme 
pencil  OW,  which  diverges  from  O,  being  re- 
frafted  by  this  lens  into  W  V,  is  made  to  converge 
towards  the  axis  of  the  telefcope,  fo  that  if  pro- 
duced it  would  meet  at  s.  By  this  means  the  fe- 
midiameter  of  the  lens  D  is  reduced  to  DV, 
whereas  if  the  firft  real  image  had  been  formed  at 
O  X  by  the  objeft-glafs  only  (the  extreme  pencil 
O  o  in  that  cafe  continuing  to  diverge),  the  femi- 
diameter  DV  muft  have  been  greater  than  the 
image  O  x,  to  take  in  the  fame  field. 

The  rays  belonging  to  this  and  every  other 
pencil  which  diverge  from  eg,  the  firft  real  image 
muft  be  made  to  converge  again  by  the  two  lenfes 
D  and  C,  that  a  fcTond  real  image  may  be  formed 
upright.  Two  lenfes  are  employed  for  this  pur- 
pofe,  becaufc  the  errors  in  the  fecond  image  will 
be  lelTcned  by  their  contrary  refradions  ;  utppof- 
ing  therefore  their  convexities  equal,  and  that  the 
rays  of  this  pencil  (refracted  into  vt)  go  parallel 
or  nearly  fo  between  the  lenfes  D  and  C,  then  it  Is 
evident,  that  the  focal  length  of  D  muft  be  equal  to 
the  diftance  e  v  (=g  D),  or  nearly  fo ;  therefore  the 
lenfes  D  and  C,  having  a  fhortcr  focal  length,  will 
by  no  means  admit  of  an  aperture,  whofe  femi- 
diameter  is  greater  than  o  x.  It  may  be  further 
obferved,  that  this  pencil,  which  at  firft  diverged 
from  the  axis  of  the  telefcope,  in  the  angle  wO£ 
and  viD.^by  the  interpoution  of  the  lens  £,  this 
change  is  made  at  two  refnuflions  (at  w  and  v), 
which  muft  otherwife  have  been  made  by  the  re- 
fraAion  of  the  lens  D  only. 

^^ 
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In  like  manner,  the  other  lens  B,  which  inter- 
cept* the  rays  juft  before  the  feconii  real  image  is 
formed,  diminilhes  indeed  the  minify  ingpower, 
but  makes  the  tclefcope  more  diuintfL  The  ex- 
treme pencil  we  have  been  confidering,  after  re- 
frai^ion  at  t  by  the  lens  c,  diverges  from  the.  axis 
of  the  tetefcope,  proceeding  as  if  it  came  from  the 
point  )>;  but  being  refrad^ed  by  the  lens  B  into  sr, 
'is  made  to  converge,  fo  that  if  produced  it  would 
meet  the  axis  of  the  tclefcope  in  3.  This  leflens 
the  lalt  image,  reducing  it  from  c  z  to  b  y  j  and  as 
it  is  this  image  which  is  viewed  by  the  eye  through 
the  eyc-glafs  A,  the  interpofition  of  the  lens  B 
lelTens  the  magnifying  power,  the  eye-glafs  A  re- 
maining the  fame.  The  extreme  pencil  Sv  thus 
convetging  upon  the  eyc-glafs  A,  the  fcmidiametcr 
of  this  gtafs  will  be  reduced  to  A  r ;  whereas,  had 
the  lens  B  not  been  interpofed,  (the  extreme  pen- 
cil t  s  c  continuing  to  diverge  from  y)  the  femi- 
diamecerof  this  eye-glafs  muft  have  been  greater 
than  the  image  c  z,  to  Cake  in  the  whole  field.  As 
a  fmall  aperture  of  the  eye-glafs  A  is  fufficient  to 
take  in  the  whole  field  when  the  pencils  thus  fall 
upon  it  converging,  this  lens  may  be  allowed  to 
have  a  fhorter  focal  length,  and  thus  compenfate 
for  the  iofs  of  magnifying  power  by  the  interpofi- 
tion of  the  lens  B,  without  increafing  the  aberra- 
tion of  the  extreme  pencils. 

You  may  prove  this  experimentally  by  taking 
out  the  fecond  eye-glafs,  then  drawing  om  the  tube 
to  make  the  tclefcope  diltin^  again,  and  you  will 
find  the  magnifying  power  increafed.  the  field  di- 
minifhcd,  and  perhaps  indiftindt  near  the  edges. 

Op  Achromatic  Telescopes. 

To  render  this  fubjeft  plain  and  clear,  I  (halt 

fecal  to  your  mind  a  few  of  thofe  principles  which 

hi  2  we 
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we  have  already  explained.  Thus  you  know  that 
8  ray  of  light,  refracted  by  pafling  through  mediums 
ef  difFeicnc  dcnfities,  is  at  the  fame  time  propor- 
pionally  divided  or  fpread  into  a  number  of  parts, 
called  homogcncal  rays,  each  being  the  exciting 
caufe  of  a  oifTcrent  colour ;  and  that  thefe  rays 
after  refraiflion  proceed  diverging. 

That  a  ray  of  light  pafftng  obliquely  from  a 
rarer  into  a  denfer  mediuip.  is  rcfraifted  towards 
the  perpendicular;  but  when  it  pafles  fropn  ^ 
denfer  into  a  rarer  medium,  it  is  refracJlcd  from 
]the  perpendicular. 

That  when  a  ray  of  light  Is  rcfraAed  out  of 
air  into  a  given  medium,  or  out  of  a  given  piediura 
into  the  air,  the  lines  of  the  angles  of  incidence 
and  refradion  arc  in  a  conAant  ratio. 

But  light  confifting  of  parts  which  aredifTer- 
ently  refrangible,  each  part  of  an  original  or  com- 
pound ray  has  a  ratio  peculiar  to  iticlf ;  and  that 
the  more  the  heterogene  ray  is  refradcd,  the  more 
■will  the  colour-makmg  rays  diverge,  as  the  lines  of 
the  homogene  rays  are  conftant,  and  equal  refrac- 
tion produces  equal  divergencies. 

from  hence  you  have  alfo  been  fhewn,  that 
the  rays  when  palling  through  a  convex  len?,  in- 
Jlead  of  uniting  in  one  focus,  form  as  many  foci  of 
diH'trem  diftances,  as  there  are  coloured  rays;  an4 
that  the  prifmatic  colours  or  irifes,  which  appear 
towards  the  borders  of  convex  lenfes,  render  thp 
images  confufed. 

The  indiftindtnefs  of  vifion  produced  by  this 
caufe,  which  is  fenfible  in  telekopes  of  a  fmall 
aperture,  incrcafcs,  into  fo  high  a  ratio  upon  enlarg- 
ing the  aperture,  namely,  as  the  cubes  pf  the  dia- 
jnetcrsj  that  unlefs  this  confufion  of  colours  was 
corrected,  it  youjd  be  impolfible  to  increafe grcat- 
Jy  tl.i  po»cr  of  refracting  telcfcopes,  without  ex- 
tendir^  their  length  [o  a  very  ii>ctinvenient  0%e. 


On  TtLEscopts-  51^ 

ft  was  known  before  Mr.  DoHond's,  iTiatdif- 
ftrent  tranfparent  bodies  pofTefTed  fomc  a  greater 
*nd  fome  alefi  rcfraAivc  power  ;  and  it  was  taken 
for  granted,  until  he  evinced  to  the  contrary,  that 
the  difperfive  power  of  the  coloured  ray  was  in 
evSry  trtnrparent  body  proportional  to  it's  mean 
rtfra<Sive  power  j  or  in  other  words,  that  the  rc- 
fradion  of  the  coloured  ra^s,  whateveir  body  tlicy 
paHed  through,  were  always  in  a  conftant  deter- 
lOinate  ratio  to  each  other.  Confequently,  if  the 
difperfioh  produced  by  a  convex  lens,  were  couo- 
tCratfled  by  another  lens  or  medium  of  a  concave 
form,  that  the  rcfraSion  would  alfo  be  totally  de- 
firoyed;  and  that  thi«  would  be  the  event,  if  the 
two  lenfes  were  even  made  of  the  fame  matt^h 
Upon  this  fuppontion,  it  was  impofTible  ever  to 
coitetft  thic  fault  in  dioptric  teldcopcs. 

While  Opticians  continued  to  think,  that  equal 
tfefradtions  would,  in  every  fort  of  medium,  necef- 
iariiy  prtxiluct  equal  divergencies,  and  that  conic-' 
'Ouently  equal  and  contrary  refradl:iOns  would  de- 
ftroy  each  other,  and  that  the  divergency  of  colour 
from  one  refraiSicm  would  be  cotrefted  by  the 
other,  there  could  be  no  poflibility  oT  producing 
any  refradion  that  would  not  be  afFerted  b_y  the 
dififercnt  refrangibility  of  light.  For,  however  a 
ray  of  light  might  be  refradled  backwards  and 
forwards  by  different  media,  provided  it  was  fo 
done  ihat  the  emerging  ray  was  parallel  to  the  in- 
cident one,  it  would  always  be  white  or  colourlefs ; 
but  if  it  came  out  indinai  to  the  incident  ray,  it 
Vjould  diverge  and  be  ever  after  coloured^ 

This  erroneous  fuppolitioD  was  countenanced 
by  an' experiment  of  Sir  I.  Newton,  of  pJacingtwo 
prifms,  one  made  of  glafs  contained  within  a  prif* 
matic  veifel,  filled  with  water,  in  fuch  manner 
that  the  rays  of  light  which  were  refracted  by  the 
X'l  4  prifm 
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prifm  ctf  glafs  ftiould  pals  through  and  be  rt* 
fraiSied  in  a  contrary  dire^ion.  and  in  as  great  a 
degree  by  jhc  watej*  prifpn  j  by  which  means  he 
relates,  that  light  thus  reftored  to  it's  original  div 
region  was  white  and  free  from  colours. 

*'  In  the  year  1757,  Mr.  John  DoUond  re^ 
pcatcd  this  famous  experiment  of  Nripton,  of  re- 
fra^ing  a  ray  of  light  through  prifms  of  g[afs  and 
water,  placed  with  their  rcfradting  angles  in  oppo- 
jite  dire^ions,  and  Co  proportioned  to  each  other 
that  the  ray  after  thcfc  oppofitc  refradtions  emer- 
ged parallel  to  the.  incident  ray.  According' to 
the  Newtonian  dod:rine,  there  ought  hcrp  jo  nave 
been  no  divergency  of  the  heterogeneal  rays.and 
HO  colour  product  by  thefe  equal  and  oppolitp  fct 
^dUoi>s. 

But  this  was  not  the  refult  of  the  experimentii 
the  ray  was  very  fcnflbly  coloured.  Mr.  Dollond, 
finding  that  cppofite  refradtions  produce  coIouf- 
notwithflanding  the  parallelifm  of  the  incident 
and  emergent  ray,  concludes,  that  by  properly  ad- 
juAing  the  angles,  he  might  clfcdi:  ^n  inclination 
of  the  refradted  [o  the  incident  light,  without 
any  colour  or  divergency,  Experipienc  proved  his 
reafoning  to  be  juft. 

It  may  be  proper  to  obfcrvc  here,  that  thofp 
jnedia  arc  faid  to  havtf  the  fame  meoH  refraQive 
denfity,  which,  under  equal  obliquities  of  incidence^ 
equally  refrai^  the  mean  refrangible  ray ;  and 
two  media  are  faid  to  have  the  ii^vae'fU/per/ive 
power,  which  produce  an  equal  inclinauon  of  rays 
of  the  fame  colour  to  the  mean  refi-angible  ray, 
when  the  whole  refr^dlion  of  the  mean  refrangible 
ri»y  is  equal  in  bojh. 

Let  'the  vertex  of  a  flint  glafs  prifm,  the  rf- 
JraSItHg  angle  of  which  is  equal  to  23"  4O',  he  applied 
'to  the  bafe  of  a  crown  glafs  prifm,  the  refraSiing 

angle 
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0igU  of  which  is  equal  to  25" ;  a  ray  of/alar  light 
will  pa/s  through  the  prifms  when  their  Jurf aces  are 
contiguous^  hut  the  emergent  ray  tvill  be  coloured.  * 

The  ray  is  fuppofed  to  &11  perpendicutarif 
upon  the  furfacc  of  the  prifm,  whole  refm^ng 
angle  is  the  greateft. 

The  polition  of  the  prifms  in  this  experiment 
is  fuch,  chat  the  effects  of  refrai3:ion  upon  the  pa- 
rallelifm  of  the  homogeneal  rays  paffing  through  ■ 
them  are  contrary  to  each  other,  and  confequently 
if  they  were  equal  the  rays  would  emerge  parallel. 
Bue  the  flint  prifmi  by  it's  greater  dillipating 
power,  more  than  counteratfls  the  reparation  of  the 
rays  caufed  by  their  paflage  through  the  firft 
prlfm,  which  was  equal  38^  minutest  and  in* 
verting  the  order  of  the  colours,  caufes  the  red 
and  violet  rays  to  emerge,  inclined  to  each  other 
at  an  angls  oi  \i\  minutes,  fufficiently  great  to 
produce  a  fenfible  tinge  of  the  prifmatic  colours 
in  the  nnergenc  rays. 

Every  thing  remaining  as  in  the  lafi  experts 
ment,  let  the  vertex  of  a  crmvn  glafs  prifm,  the  re- 
fraBing  angle  of  which  is  10°,  be  applied  to  the  baft 
of  the  fiint  prtfm.  If  a  ray  of  folar  light  paffes 
through  the  three  prifms,  when  their  furfaces  are 
contiguous,  the  emergent  ray  will  deviate  about 
5'  37'  f*^"*  ^^'  courfe  of  the  incident  ray,  but  will  be. 
colourlefs. 

In  this  cafe  the  two  crown  glafs  prifms  re- 
fra&ing  the  ray  in  the  fame  direction,  caufe  it  to 
deviate  from  the  courfe  of  the  incident  r^  about 
J"  37'  more  than  the  deviation  in  the  contrary  di- 
redionarifing  from  refraiaionthroughaflintprifm. 

But  the  flint  prifm,  by  it's  greater  diffipating 

power,  exa^ly  coiintera<5ts  the  ^paration  of  the 

fays  caufed  by  refradion  through  the  other  two 

prifms, 

■*  Atwofxi't  Apilyfuofa  Cottrfe  .of  Lcflun^  p,  164,  i6j. 
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prifnu,  fo  that  the  homogeneal  nyt  eiAerge  at 
Icn^h  pmllelj  and  of  courfc  colourtef^. 

Now  thit  was  what  wu  wanted  ;  for  you  have 
leen,  rhat  the  difficulty  which  chiefly  impeded  the 
improvement  of  telefcopes  was,  fo  to  refradl  a  rajr 
while  it  deviated  conndcrably  frwn  it's  original 
coQffe,  that  the  difperfion  of  the  homogeneal  rays 
might  be  counteraAedi  and  that  by  this  meanfe 
they  might  all  emerge  parallel,  and  of  courfc  free 
from  colour  j  and  this  is,  you  perceive,  effected  by 
a  combination  of  tranfparent  fubftancesi  the  re^ 
fracting  and  diffipating  powers  Oi  which  are  dif<- 
ferent. 

In  this  experiment  the  rayfi  of  Aiean  refrangi- 
bility  emerge  at  a^  angle  of  refraiftion  equal  Co 
16'  57'. 

If  a  folar  ray  impinged  upon  the  furfsce  of 
the  prifm  laft  applied  at  an  angle  of  incidence 
equal  to- 16"  57',  the  angle  of  diflipation  after 
cnerf  ence  into  air  would  be  equal  12  i". 

But  it  was  Oiewn  in  the  former  experiment, 
that  the  diflipation  of  the  rays  emerging  from  the 
two  prifms  was  equal  li  i,  for  which  reafon  (and 
on  account  of  the  contrary  pofition  of  the  prifhu) 
the  red  and  violet  rays  emerginK.  inclined  to  each 
other  at  an  angle  of  1 2  -t  from  the  two  prifms,  anid 
falling  upon  the  third  will  be  refracled  out  of  it 
colourlefs. 

It  appears  then  that  two  kinds  of  glafs  are 
neceflary  for  achr(Hnatic  telefcopes,  one  of  which 
Ifaall  pdTef^  as  fmall,  and  the  other  as  great  dif* 
perfive  powers,  relatively  to  their  mean  refradii^ 
ray,  as  can  be  procured. 

The  difference  of  glafs  in  this  refpet^  depends 
on  the  quality  of  the  ingredients  employed  in  their 
compofition. 

Crovsn-glafs^  vhich  is  compofed  of  land,  mel- 
ted 
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led  by  meani  of  the  .aHies  of  fea-weecls,  barilla^  or 
kelp,  both  which  fluxes  are  known  lo  confift  of  ve- 
getable earth,  alkali,  and  neutral  falts^  is  found  to 
give  the  fmalleft  difperfivc  power. 

Plate-glttfs,  which  U  compofcd  of  land  melted 
by  means  of  fixed  alkali^  with  little  or  no  vc^eca- 
bje  parth,  gives  a  greater  difperlive  power. 

The  difperlive  power  of  fiint-glaji  is  iDuch 
greater  than  either  of  the  other,  and  this  confix 
of  land  melted  by  a  mixture  of  minium  and  fixed 
alkali.  It  is  probable  therefore,  that  minium  and 
other  metallic  calces  give  the  greateft  difperfivft 
power,  and  that  alkalis  give  more  than  vegetable, 
^nd  probably  other  earths. 

Let  a  crown-gla/s  pri/m,  whofe  refraSiug  aaglt 
is  30",  h  applied  contiguous  to  a  pri/m  of  fiint-glaJi^ 
wbo/e  refraltinz  angle  is  19*;  with  the  vertices  of 
the  prifms  in  oppojite  direitions,  a  folar  ray  heing 
refraHed  through  them  will  deviate  from  the  courft 
of  the  incident  rfly^  hut  will  not  befeparated  into  the 
coloured  rays. 

Here  it  apppars,  that  the  two  prifms  operate 
equally  upon  the  parallelifm  of  the  homogeneal 
rays  pafting  through  them,  and  that  as  thefe  ef- 
feifls  by  the  pofition  of  the  prifms  tend  to  correft 
each  o^her,  the  homogeneal  rays,  after  being  re- 
fracted through  them*  emerge  parallel  and  colour- 
lefs. 

Mr.  Dollond  next  confidered,  that  aa  a  ray 
'  might  be  refraded  free  from  colour  through  a 
wedge,  it  might  alfo  through  a  lens.  When  aa 
image  of  an  objeA  is  formed  by  a  convex  lens,  it 
appears  coloured,  owing  to  the  difperfion  of  the 
'rayj  by  refraflion :  as  therefore  rays  can  be  re- 
fraded  without  difperfion  by  prifms,  he  conceived 
'  that  it  might  alfo  be  done  by  a  combination  of 
lenTei.    And  in  this  he  fucceededf  by  confidering, 

that 
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that  in  order  to  make  two  fpherical  glafTcs  that 
Ihould  refradl  the  light  in  contrary  direi^ions.  as 
in  the  two  wedges,  one  muft  be  concave  and  the 
other  convex  j  and  as  the  rays  arc  to  converge  to 
a  real  focus,  the  excefs  of  refradion  mufl;  be  in 
the  convex  lens,  becaufc  that  makes  rays  converge, 
and  the  concave  makes  them  diverge.  Alfo,  ai 
the  convex'lens  is  to  refratft  moft,  it  muft  be  made 
of  crowA-glafs,  as  appeared  from  the  experiments 
with  the  wedges,  and  the  concave  lens  of  white 
flint-glafs.  Farther,  astheangteof  difperfion  varies 
invcrfely  as  the  focal  length,  very  nearly,  from  the 
principles  of  optics,  and  the  angle  of  difperCon 
alfo  varies  as  the  difpcrfmg  powers,  therefore  if  the 
focal  lengths  be  taken  invcrfely  as  the  difperfii^ 
powers,  wund  from  the  two  wedges,  the  angles  of 
difper^on  will  be  equal,  and  being  in  contrary  di- 
re(!tions  they  will  correft  each  other,  and  the  dif- 
fcrent  refrangibility  of  light  will  be  removed. 

Upon  this  principle,  Mr.  DoIIond  was  ena- 
'  bled  to  make  a  combined  tens  to  foria  an  image 
free  from  colour,  and  therefore  brought  to  perfec- 
tion the  refraining  telefcope,  making  it  rcprefent 
objefts  with  great  diftiijiitnefs,  and  in  their  true 
colours.  Inftead  of  forming  thp  pbjeifl-glafs  with 
one  convex  lens  of  crown  and  one  of  ffint-glafs, 
two  convex  Icnfes  of  crown  arc  ufed,  and  the  con- 
cave one  of  flint  put  between  them.  This  con- 
flruQion  of  the  objed-glafs  tends  alfo  to  correft 
the  error  arifing  from  the  fphericalfonn  of  the 
lens;  for  as  the  rays  at  the  edge  of  the  convex 
lens  tend  to  a  focus  nearer  to  the  lens  ;han  thofe 
at  the  middle,  the  coocave  lens,  which  makes  the 
rays  at  the  edge  diverge  more  than  thofe  at  thp 
middle,  will  countera<^  the  above  effeck,  and  bring 
the  rays  at  all  diftanccs  from  the  centpr  of  the 
IcQs  to  9>  focus  more  nearly  together;  and  by  a 
proper 
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proper  adjuftment  of  the  foci,  the  diffufion  of  rays 
at  tiie  focus  may  be  rendered  inconfiderable.  Te- 
lefcopes  thus  conlfruded  are  called  achromatic. 

This  difcovery  of  Mr.  Dollond  was  fo  ex- 
traordinary, and  fo  contrary  to  the  bcft  eftablifticd 
principles,  that  it  was  not  believed  at  firft  by  Mr. 
EuLEK.  At  length,  however,  Mr.  Zichir,  of  Pe- 
terfburg,  made  experiments  fimilar  to  thole  of 
Mr.  Dbllond,  and  convinced  Mr.  Euler  that  it  was 
true.  He  alfo  ihewed,  that  it  is  the  lead  which  is 
ufed  in  fome  compofitions  of  glafs,  which  pro- 
duces the  extraordinary  property  of  augmenting 
the  difperfion  of  the  extreme  rays,  without  fcnfibly 
changing  the  refra^lon  of  the  mean. 

Mr.  EuIcr,  in  a  paper  read  at  the  academy  of 
fciences  at  Berlin  in  1 764,  was  candid  enough  to 
own  he  did  not  at  firll  credit  the  account,  and 
thereby  gave  to  Mr.  Dollond  the  credit  of  the 
difcovery.  Notwithltanding  this,  Mr.  Delaland 
in  his  af^ronomy,  and  Mr.  Fiefs  in  his  eulogy  on 
Mr.  Euler,  both  afcribe  the  invention  to  Mr, 
Euler.  Mr.  P.  Dollond  has  however  fully  proved, 
that  the  difn^ery  muft  be  attributed  to  Mr,  John 

Dotl-OND,* 

In  the  fame  pamphlet  Mr.  E>ollond  has  Ihewn 
the  reafons  which  prevented  Newton  from  drawing 
the  fame  conclulions  ;  that  it  arofe  from  the  kind 
of  glafs  hemadeufeof,  fo  that  his  veracity  remains 
unimpeached,  and  the  experiments,  when  made 
with  the  fame  kind  of  gtafs,  exaiftly  correfpond 
with  thofe  of  Sir  I.  Newton.  In  his  time  the 
Englilh  were  not  famous  for  making  telefcopes, 
many  were  imported  from  Venice.  The  glafs 
imported  from  this  place  was  nearly  of  the  iame 
refractive  quality  as  our  crown-glafs,  but  of  a  bct- 


•  «  Some  iccoimt  of  ihe  difcovery  by  the  lite  Mr.  Jolia 
Dollond,  which  led  10  rhc  Ria*!  improvament  of  refritiing  isle- 
Ccopes,"  by  Mr.  P.  Dolloi.d.  CoO"|  - 
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tcT  colotir.  It  is  probable  that  Newton'a  priftiil 
vcre  made  of  that  glafs,  becatHe  he  mentions  the 
^cific  gravity  of  comtnon  gtafs  to  be  to  water  a* 
l>$8  ay  I,  which  anfwers  nearly  to  that  of  crown- 
glafs.  Mr.  DoUond  made  a  prifm  of  a  piece  of 
this  glafSf  and  trying  the  erperimenc  with  it^  found 
it  anfwered  vciy  nearly  to  what  Newton  relates  » 
ihe  difitrence  being  only  fuch  as.  may  be  fuppofed 
to  arife  from  the  fame  kind  of  gla&  made  at  dif- 
ferent times. 

Of  KErLfictiNG  Telescopes. 

Sir  John  Friaelc,  in  his  difcourfe  to  the  Royaf 
Society  on  the  reftediiig  telefcope,  attributes  the 
firft  thought  thereof  to  Merfcnnua,  who  propofed 
to  Defcartes  a  telefcope  with  fpecttia,  many  yeanr 
before  Gregory's  invention.;  though  indeed  in  a 
manner  &>  very  unfatisfa^^^ory,  thu  Defcartes,  wbo' 
kad  given  particular  attention  to  the  improvonent 
of  the  telefcope;  waa  fo  far  from  approving  the 
propofai,  that  he  endeavoured  t^a  convince  Mer- 
fennus  of  the  fallacy.  « 

Gregory  wfcs  led  to  the  invention  by  feeking  to 
correi5l  two  imperfections  of  the  common  tele- 
fcope; the  firft  was,  iCs  too  greaclength,  which 
made  it  lefs  manageable;  thefccond  the  incorreCt- 
nefs  of  the  image.  It  had  been  dcmonllrated.that 
a  pencil  of  rays  could  not  be  colietflod  in  a  fingle 
point  by  a  fpherical  lens,  and  alfo  that  the  image 
tranfmitted  by  fuch  a  lens  would  be  in  fome  de- 
gree inciirvated. 

Thefe  inconveniences  he  believed  would  be 
obviated  by  fubftituting  for  the  objedt-glafs  a  me- 
tallic fpecLilum  of  a  parabolic  figure,  to  receive 
the  image,  and  to  refled  it  towards  a  fmall  fpecu- 
lum  of  the  fame  metal  •  this  again  was  to  return 
the  image  to  an  eye-glafe  placed  behind  the  great 
fpeculum*. 
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fpcculum,  which,  for  that  purpoic*  was  ta  be  pos- 
forated  in  it's  center. 

But  as  Gregory  was  endowed  with  no  raecha^ 
nical'dexterity,  nor  could  find  any  workman  cap*- 
ble  of  realizing  his  invencioni  after  fome  fruiclclii 
attempts  he  gave  up  the  purfuit.  Aodi  [vobably 
had  tut  fome  new  difcovcrtcg  been  made  in  li^9£. 
and  colours,  a  refledlii^  telefcope  would  never 
more  have  been  thought  of,  confidering  the  diffi- 
culty of  the  execution,  and  the  Gnalt  advantage* 
that  could  accrue  from  it,  deducible  from  the  prifli- 
ciples  of  M)tics  that  were  then  known. 

But  Newton^  whofe  happy  genius  for  experi- 
mental knowledge  was  equal  to  that  for  geometry* 
and  who  to  thefe  talents,  in  a  fuprcme  degree*. 
joined  patience  and  mechanical  abilities*,  happily 
iaterpofed  andfaved  this  noble  invention  from  welt 
nigh  peridung  in  it's  infant  Itace. 

While  he  was  employed  in  endeavouring  ta 
grind'lenfes  of  the  figure  of  one  of  the  conic  fec- 
tionsi  he  happened  to  examine  the  colours  formed 
by  a  prifm*  and  having  by  means  of  that  fimple  in- 
ftrument  made  the  evermemorabledifcoveryof  Z;^ 
different  refrangibtlity  of  the  rays  of. light,  he  then 
perceived  that  the  errors  of  telefcopes  arifingfrom 
that  circumflance  alone,  were  fome  hundred  times, 
greater  than  fuch  as  were  occafloned  by  the  fphe- 
ricat  figure  of  lenfes.  This  forced  Newton  as  ic 
were-  to  fall  into  Gcegory's  crack,  and  to  turn  his 
thought  to  refledtors.  If  Nev^ton  was.  not  the  firit" 
inventor  of  the  refkaing  telefcope,  he  was  the 
main  and.  efFc^tual  invencoe. 

It  was  towards  the  end  of  i668t  or  the  begin- 
king  of  the  following  year,  that  Ncwtwi  being  thu& 
obliged  to  have  recourfe  to  refloftors,  and  not  rely- 
ing on  any  artificer  for  making  his  fpecula,  fet. 
about  the  work  himfelf,  and  early  in  the  year  1673 
completed  two  fmall  rcflcdting  telefcopes  i  one  of 

thefe 
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theTe  he  prefented  to  the  Royal  Society,  commani- 
CMing  at  the  fame  time  a  full  and  fatisfa(5lory  ac- 
count of  it's  conftruflion  and  performance,  and 
received  ffotn  them  fuch  thanks  as  were  due  for  ftf 
curious  and  valuable  a  prefent. 

But  how  excellent  foever  the  contrivance  was, 
how  well  foever  fupporred  and  announced  to  the 
public,  yet,  whether  it  was  that  the  artifts  were 
deterred  by  the  difficulty  and  labour  of  the  work, 
or  that  the  difcovcrics  even  of  a  Newton  were  not 
ta  be  exempted  from  the  general  fatality  attending 
great  and  ufefui  invtntions,  ihe  making  a  JIow  aaa 
vtxaiious  frogrejs  to  the  authors  :  the  faft  is,  that 
excepting  an  unfuccefsfut  attempt  whidi  the  Royal 
Society  made  by  employing  an  artificer  to  imitate 
the  Nfwtonian  conltruiftion,  and  a  difguifed  Gre- 
gorian telefcope,  fet  up  by  Caffegrain  abroad,  as  a' 
rival  to  Newton's,  and  that  in  theory  only  (for  it 
was  never  put  in  execution  by  the  auihol")  no 
refledtor  was  heard  of  for  near  half  a  century  after. 
But  when  that  period  was  clapfed,  a  reBe&in?  tete-- 
fcope  was  produced  to  the  world  of  the  Newto- 
nian conftrufftion,  which  the  venerable  author,  ere 
yet  he  had  finished  his  much  diflinguifhed  courfe* 
had  the  fatisfaiSion  to  find  executed  in  fuch  a  man- 
ner, as  to  leave  no  room  to  fear  that  the  invention 
would  longer  continue  in  obfcurity. 

This  memorable  event  was  owing  to  the  dex- 
terity, the  genius,  and  application  of  Mr.  HadFey, 
the  inventor  of  the  refleAing  quadrant,  anothrf 
moft  valuable  inftrumcnt.  The  two  tclcfcopcs' 
which  Newton  had  made,  were  but  6  inches  long^ 
and  in  power  were  compared  to  a  6  feet  rcfraiftor- 
Hadley's  telefcope  was  above  6  feet  long,  anrf 
equalled  in  performance  the  famous  aerial  telc- 
icope  of  Hujgens,  of  123  feet  in  length.* 

Xi 

*  Sir  John  Pringlc't  Difcourr«,  p.  to6,  &f* 
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It  may  be  worth  obferving,  that  Sir  I.  Newton 

fcnt  his  rclcfcopc  lo  the  Royal  Society  while  his 
election  into  the  fociety  was  depending,  and  he 
concludes  with  faying,  "  that  if  he  Ihould  be  elededi 
he  would  endeavour  to  teftify  his  gratitude  by  com- 
municating what  his  poor  and  folitary  endeavours 
could  etfetjt,  toward  promoting  their  philofophical 
defign."  Such  was  the  modelVy  of  the  man,  who- 
was  the  glory  of  the  fociety,  of  the  nation,  of  the 
World. 

Of  the  Gregorian  REFiECriNo  Telescope. 

The  Gregorian  re{lc£lor  conGfts  of  two  con- 
cave mirrors,  and  two  plano-convex  leiifes  for  the 
eye-glalles. 

TTTT,_^^.  a,/*/.  8,  is  a  cylindrical  tube  ;  at 
the  bottom  of  this  a  concave  metallic  reflcdtor 
Or  mirror  t)UVF  is  placed;  this  reflector  has  a 
hole  in  the  middle. 

Towards  the  other  end  a  fmall  concave  riiir-; 
ror  L  is  placed;  this  is  fupportcd  on  an  arm  M, 
which  may  be  moved  nearer  to,  or  farther  from  the 
great  fpecuhim,  at  plcafurc. 

Thefe  two  mirrors  are  placed  parallel  to  each 
other;  the  fmall  one  is  generally  fomewhac  larger 
than  the  hole  in  the  great  mirror. 

At  the  bottom  of  the  cylindrical  tube,  and  jiift    . 
oppofite  to  the  perforation  in  the  large  mirror,  is 
a  fmall  brafs  tube  «33f,  containing  the  two  eye- 
glafles  !  at  the  further  end  of  this  tube  is  a  very 
Imall  hole,  to  which  the  eye  is  to  be  applied. 

The  conftrutfiion  being  undcrftood,  we  miy 
proceed  to  explain  the  optical  cfi'cct  of  this  inftru- 
ment. 

I.  The  open  end  of  the  cylindrical  tube  being 
fet  direAly  towards  the  objcdt,  which  being  fup- 

Voi.  II*  M  m  pofcd 
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pofed  to  be  dilVant,  the  rays  proceedh^  therefrom 
may  be  conlidcred  as  parallel  to  each  other ;  and 
being  remedied  back  by  the  laK;e  concave  fpecn- 
lum,  they  will  form  an  image  of  the  objc^  at  it'« 
focus,  which,  from  the  figure,  is  evident  wiH  be 
inverted. 

Let  C  rcprefent  all  the  rafs  proceedii^  ffem 
the  point  B  of  the  objed,  and  E  the  pencil  of  tkys 
proceeding  from  the  point  A. 

The  rays  C  falling  parallel  upon  the  great 
mirror,  will  be  thence  reflcdted,  and  converge  In 
the  diredion  DGj  and  by  crolfing  at  I,  the  prin- 
cipal focus  of  the  mirror,  they  will  form  the  up- 
per extremity  of  the  inverted  image  I K,  fimilar  to 
the  lower  extremity  B  of  the  objeft  A  B. 

in  like  manner,  the  rays  E,  which  come  from 
the  top  of  the  objcft,  and  fall  upon  the  great 
mirror  at  F,  are  thence  reflcdled  converging  to 
it's  focus,  where  they  form  the  lower  extremity  K 
of  the  inverted  image  I K,  fimilar  to  the  upper  ex- 
tremity A  of  the  objed:  A  B. 

The  rays'  from  thefe  two  pencils  pais  on 
from  I  and  K  to  the  fmall  mirror  L,  the  rays 
from  F  falling  upon  it  at  h  ;  thofe  from  D  fal- 
ling upon  it  at  g,  from  which  points  they  are  again 
rcfleded.. 

a.  The  focus  of  the  fmall  fpeculum  is  at  n,  a 
little  beyond  the  place  where  the  image  is  formed 
by  the  great  fpeculum. 

.  If  the  focus  of  this  mirror  felf  precifely  on  m,' 
irherc  the  image  from  the  other 'is  formed,  the  rays 
would  be  reflected  parallel  therefrom  ;  but  as  it  is 
fcKnewhat  beyond  or  longer  thati  that  diflance, 
they  are  refletted  converging  in  the  direiftion  g  N. 

3.  The  converging  pencil  of  rays  gN,  pro- 
ceeding from  the  point  a,  and  refleiled  by  the 
fmall    mirror,    would  coincide  beyond   the  te- 
lefcope  if  they  were  not  refraCl^  by  the  eyx- 
glaffcs. 


gUfles.     It  is  the  fame  wldi  the  other  craiverging 
pencil. 

But  to  render  the  lafhxinient  fhorterj  thefe 
converging  rays  are  nude  to  fait  on  die  lens  R  iii 
the  eye-tube,  which  increafes  their  convcrgencej 
«nd  makes  them  coincide  at  a  and  b,  tthere  they 
formafl  cred  inugcof  Ehcobjeft  at  ab.  This  image 
l>eingat  the  focus  of  the  lens  S,the  riyt  proccedif^ 
from  the  image  fortned  there,  are  fo  refradad  by  ic 
as  to  emerge  parallel  to  the  eye,  and  thus  product 
■diftinH  vifion. 

Thelight  which  lalls  upoaj  the  furfice  of  *hc 
large  mirror  is  refleifted  to  the  fmall  mirror  ;  the  . 
*yc  therefore  receives  from  the  telefcc^e  a  quantity 
-  (rf  light,  which  is  to  that  which  it  would  receive 
by  naked  vifion,  nearly  in  the  fame  proportion 
that  the  furface  of  the  large  mirror  is  to  the  iur- 
fece  of  the  fmall  hole  at  e,  ■near  the  pupil  of  the  eye. 

The  rays  paffing  on  from  the  image^  pafs 
through  the  fecond  eye-glafs  S,  and  through  >a 
■ftnall  hole  c  enter  the  eye  f,  which  fees  the 
image  ab,  and  by  means  of  the  cye-glafs  under  the 
large  angle  ced,  the  fecond  glais  increafes  the 
field,  and  renders  the  im::2e  more  perfect. 

In  order  to  fuh  diflereot  eyes  and  dillanCes, 
there  is  a  fmall  rod  with  a  fcrew  at  one  end ;  this 
•fcrew  goes  through  the  arfli  which  is  fixed  to  the 
freiall  reflector,  fo  that  by  turning  the  end  it  bringp 
«  nearer,  or  removes  il  further  from  the  larger 
Ipeculum, 

An  -eye-iftop  is  plaoed  at  the  laft  image,  to  cut    ' 
off  the  fuperfiuous  rayi ;  ■  very  fmaJl  hole  is  made 
at  e,  to  let  the  rays  pafs  to  the  eye. 

■To  fee  ttear  ohjfSls,  or  to  eceemmadate  the  tele- 
scope far  long'-fibted  people,  the  fmall  mrrror  maft 
be  moved  further  from  the  large  mirror  than  whftn 
Ufed  fvt  4iflant  objeOs  -or  a  .common  l^t ;  ior  if 
M  m  X  ,  an 
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-  an  objedi  comes  nearer,  i  's  image  at  m  will  come 
nearer  n,  and  as  nm  grows  lefs,  nP  will  grow 
greater,  and  will  come  nearer  the  lens  R;  la  reduce 
or  bring  it  back,  the  mirror  muft  be  removed 
further. 

For  Jborl-fighled  people,  the  focus  P  muft  be 
brought  nearer  R,  to  make  the  rays  more  diver- 
gent; that  is,  n  P  muft  be  longer,  and  confequently 
n  m  ftiorter,  or  h  g  brought  nearer  to  D  U,  V  F. 

Therefore  for  diftant  objefSs,  and  ftjort- 
fighted  people,  turn  the  /crew  to  the  right  .■  but 
for  near  objeds  and  old  eyes,  turn  to  the  left. 

This  telefcope,  as  you  have  feen,  fliews  the  ob- 
jed  erctfl,  but  not  (o  bright  as  in  refrading  telc- 
fcopcs,  bccaufe  glafs  tranfmits  more  light  than 
metal  refledts.  It  has  been  eftimaied,  that  one 
third  of  the  light  received  is  loft  by  reflexion. 

The  vijihle  area  of  an  objeift  is  as  the 
breadth  of  the  eye-glafs;  for  if  the  image  at 
I  K,  and  the  eye-glafs  be  increafed,  the  image 
at  m  will  alfo  be  increafed,  becaufe  the  angles 
of  incidence  and  refle<5lion  at  hg  are  equal,  and 
confequently  the  vifiblc  part  of  the  objed  is  in- 
creafed. 

The  brightnefs  of  the  objed  is  in  pro- 
portion to  the  aperture,  for  the  larger  this  ia, 
the  greater  is  the  quantity  of  light  that  comes  to 
the  eye. 

The  extreme  parts  of  the  image  are  lefs 
bright  than  the  reft,  becaufe  the  ftiadow  of  the 
fmall  fpeculum  falls  on  the  outlide,  hut  towards 
the  middle  it  only  covers  the  hole. 

To  render  the  determination  of  the  magnify- 
ing power  more  eafy,  I  ihall  confider  the  tube  to 
be  twelve  inches  long,  two  inches  diameter  (  the 
concave  fpeculum,  at  the  bottom  of  the  tube,  to  be 
of  feven  inches  focus,  and  two  inches  diameter  j 

the 
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the  hole  in  the  center  -^  of  an  inch  in  diameter  ; 
the  focus  of  the  fmall  mirror -^4^  it's  diameter  A  of 
an  inchj  the  firft  eye-glafs  about  three  inches  focus, 
the  fccond  about  -Vr-  We  muft  now  refer  back  to 
our  former  inftnidtions  on  the  principles  of  rays  of 
light,  when  refledcd  from  a  fpherical  concave 
mirror. 

You  will  recolleit,  ift,  That  the  light,  which 
comes  from  a  very  diftant  object,  is  fo  rcfle^cd 
that  the  point  where  they  meet,  and  whare  the 
image  is  formed,  is  i  part  of  the  diameter  of  the 
fphere,  of  which  the  great  fpeculum  is  a  fegmenr. 
2d,  That  if  the  objeift  is  at  the  focus  of  a  concave 
fpherical  mirror,  the  rays  falling  therefrom  arc 
reflected  parallel  to  each  other; 

Now  diftant  objeAs  fcen  through  the  rcflecfl- 
ing  telefcope,  form  ^n  inverted  image  at  I  K,  the 
focal  point  of  the  lai^e  fpeculum,  and  nine  inches 
therefrom,  and  the  image  and  objed  both  appear 
under  the  fame  angle  from  the  vertex  of  the  mir- 
ror ;  this  image  at  the  focus  I  K  being  the  bafe  of 
two  angles,  uhofe  fummits  are  the  centers  of  the 
two  fpnerical  mirrors.  Now  the  diftance  of  the 
focus  of  the  two  mirrors  is  as  i^  to  9,  or  as  3  to  18, 
by  taking  away  the  fraction  ;  or  as  i  to  6,  by  divid- 
ing the  terms  by  3  :  therefore  the  two  angles  are 
in  the  proportion  of  i  to  6,  that  is,  the  angle  fub- 
tendcd  by  the  fpherical  furface,  of  which  A  B  is  a 
portion,  is  fix  times  larger  than  what  the  objeift 
fubtends  at  the  furface  of  the  larger  mirror  ;  con- 
fequcntly  if  the  eye  v/as  placed  in  the  parallel 
rays  proceeding  froni  the  fmall  fpeculum,  it  would 
fee  the  objedt  perfcdiy  therein,  and  magnified  in 
the  proportion  of  the  focal  diftances  of  the  two 
metals,  that  is,  as  6  to  i . 

Now  the  two  Icnfes  in  the  eye-tube  form  a 

cclefcapc,  whofe  property,  on  the  principles  al- 
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ready  laid  down>  is  to  magnify  the  obje^  in  the 
proportion  that  the  focu«  of  the  km  S  cxceoils 
that  of  R  in  this  inllance,  as  3.6  to  10 ;  but  ch* 
tdefcope  was  before  (hewn  to  magnify  in  the  pro-. 
portion  of  6  to  i.  By  combining  thefe  propor.. 
-tions,  we  ihall  obtain  loX  i»  and  36  X  6,  or  to. 
to  216,  or  nearly  as  1  to  22. 

Or  THE  Newtonian  TEtEscoPE, 

The  relefcope  of  NewiM  differs  a  little  in  the 
Con(lru<^ion  from  that  of  Gregory,  but  it  is  founded 
upon  the  fame  principles,  as  well  geometrical  as 
phyfical. 

It  contifts,  iike  the  former,  of  a  tube  to  re^ 
ceive  the  metals :  the  upper  end  of  (he  tube  Is  open  % 
^t  the  bottom  of  this  ia  placed  a  concave  metal  re~ 
fie£loT,  and  a  plain  fmall  metal  refieSor^  inclined  45 
degrees  to  the  axis  of  thelarge  refledor.  This  jjnall 
reflector  muft  be  of  an  oval  fonn  j  the  length  t^ 
the  oval  (hould  be  to  the  breadth  as  1  to  i.  on  ac- 
count of  the  obliquity  of  it's  pofition :  it  is  fup- 
ported  on  an  arm  fixed  to  the  fide  of  the  tube ;  an 
eye-gtafs  is  placed  in  a  fmall  tube,  moveable  iq 
the  larger  tube^  fo  as  to  be  ^erpendiculaj-  to  the 
axis  of  the  large  refle^or.  the  perpendicular  line 

?i(fing  through  the  center  of  the  fmall  mirror, 
he  fmall  mirror  is  to  be  fituated  betw^n  the 
large  mirror  and  it's  focus,  that  it's  diftancc  from 
this  focal  point  may  be  equal  to  the  diftancc  from 
the  center  of  the  mirror  to  the  focus  of  tfac  eye- 
glafs. 

The  tube  v  i  z  y,  fg.  3,  fl.  8,  being  turned  with 
it's  open  end  towards  the  objcfl,  parallel  rays  coffl'- 
ing  therefrom  will  be  rcfle^cd  by  the  concave  mir- 
ror to  it's  focus,  where  it  wOuld  form  an  inverted 

imag? 
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image  of  the  objc(%,  but  from  the  mterpoficion  of 
thefmalt  refledor  fcg,  they  are  prevented  coming 
to  the  focus,  and  are  refloated  to  t,  the  focus  of 
the  ^e-glafs,  where  they  form  an  image  equal  to 
what  would  have  been  formed  at  the  focus  of  the 
concave  mirror.  This  image  being  in  the  focus 
of  the  eye-glafs,  the  rays  proceeding  therefroni 
will  be  fo  refradled  by  the  lens,  as  Co  emerge  pa- 
rallel to  theey«,  and  therefore  properly  conftituted 
to  produce  diftiniEl  vifion. 

If  the  &ce  be  turned  towards  the  open  end  of 
the  tube,  and  the  eye  be  applied  at  h,  the  objcd 
will  appear  inverted ;  but  if  the  face  be  turned 
towards  c  d/  the  objedl  will  be  «re<ft :  the  latter 
pofition  is  in  moft  cafes  very  inconvenient. 

The  magnifying  power  is  in  the  fame  pn^xw- 
tion  as  the  focal  diftance  of  the  concave  fpeculum 
exceeds  that  of  the  eye-glafs.  This  telefcope  will 
bear  a  greater  aperture  than  the  Gregorian  re- 
fled:or  -,  lefs  light  is  alfo  toft  from  the  oval  plane, 
chaq  from  a  fpherical  refleAoc.  It  is  by  means  of 
4  Newtonian  telefcope  that  Dr.  Herfchel  has  added 
fo  many  valuable  difcovericE  to  aftronomy. 

There  is  another  kind  of  refledling  telefcope, 
Jcnown  by  the  name  of  Caflegntin  ;  but  as  it  is  not 
iifed  at  pre&nt,  it  will  be  needlefs  for  me  to  defcribe 
it  here  j  I  fliall  therefore  only  obferve,  that  it  is  fi- 
milar  to  the  Gregorian  telefcope,  except  in  one  in- 
ftance,  namely,  that  the  fmall  fpeculum  is  convex 
inflead  of  concave. 

The  difadvantages  under  which  reflecting  te- 
lefcopes  labour,  arife  from  their  requiring  larger 
apertures  to  tranfmit  the  fame  quantity  of  light ; 
from  being  more  atFeifted  by  the  impcrfeifttons  of 
the  atmofphere  than  a  refradting  telefcope  j  from  be- 
ing liable  to  tarnifti;  but  principally  from  the  im- 
perfeftions  of  the  workinanfhip  of  the  obje^-fpe- 
Mm4  culum. 
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eulum,  which  injures  them  more  than  equal  fa\ilu 
in  the  object-glais  of  refraftora. 

In  the  hands  of  a  man  whofe  mind  is  well  di-> 
jrefled,  every  part  of  fciencc  is  made  ufeful ;  among 
many  inftances  of  this,  I  fhall  give  you  one  from 
the  learned  Mr.  Jacob  Bryant's  treatife  on  the 
Authenticity  of  the  Scriptures,  in  which,  from  the 
tclefcopes  we  have  been  conlidcring,  he  fliews  the 
iveaknefs  of  fomc  infidel  objedlions  to  revelation. 
Thus  he  fhcws,  that  there  is  no  more  reafon  to  ob-r 
jeft  to  the  authenticity  of  the  fcriptures  on  ac- 
count of  fome  difficulties,  than  to  natural  religion 
or  natural  philofophy  on  the  farne  account  j  for 
they  are  equally  attended  with  difficulties.  Na- 
tural philofophy  abounds  with  phenomena  which 
■we  fee  and  know,  but  cannot  explain,  as  gravity, 
jnagnetifm,  &c. 

If  any  perfon  had  prophetically  informed  ^r-. 
cbimedes  or  Eudoxus,  that  vifion  would  one  day  be 
wonderfully  aflifted  by  art,  and  that  the  manner  of 
improving  fight  would  be  to  place  a  dark.  opakef*b~ 
fiance  direfitly  between  the  objed  and  the  eye,  they 
mud  have  tfkought  the  prophet  out  of  his  fenfes. 
And  when  they  heard  that  the  other  method  was, 
in  viewing  an  object,  not  to  look  at  it,  but  to  keep 
the  eye  in  a  quite  different  direction,  how  could 
they  digeft  thefe  doftrines,  by  which  they  were 
taught,  that  fight  would  be  helped  by  impedi- 
ments, and  that  the  bcft  way  of  feeing  objeifts'was 
looking  another  way  ? 

Yet  whoever  is  acquainted  with  the  Gregorian 
iehfcope,  muft  know,  that  fuch  a  dark  body  docs 
intervene  between  the  eye  and  the  objcdl;  and 
that  in  the  Newfoaiaa  leU/iope  the  fight  is  direded 
iideways,  at  an  angle  of  90  degrees.  When  once 
known,  the  thing  is  found  to  be  confonant  tq  rea- 
fon and  experience. 

If 
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If  then  we  meet  with  many  things  in  commoi| 
life  and  worldly  fcience,  which  fcem  difficult  to 
comprehend,  and  fome  beyond  our  reafon,  we  muft 
expcdt  to  find  others  beyond  our  reafon  in  that 
grand  fyflcm  of  life  and  immortality  laid  before  w 
W  holy  wf  it. 
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LECTURE  XWII. 


Or  Microscopes. 


•■fjYa  microfcope  we  undcrftand  an  infirumtHt 
XJ  for  viewing/mall  objeits,  rendering  ihofe  vi- 
fible  'which  would  be  otherwife  imperceptible. 
Microfcopes  are  divided  into  three  different  kinds. 
Jingle t  compound,  and  folar ;  Jingle  microfcopes  are 
thofe  which  confift  of  one  lens  (  compound,  thofe 
which  are  formed  of  two  or  more  lenfes ; /o/ijr> 
thofe  which  are  ufed  in  a  dark  room,  the  objed 
being  illuminated  by  the  fun,  and  the  im^e  re-, 
jceived  on  a  fcreen. 

It  is  generally  fuppofed,  that  microfcopes  were 
invented  about  the  year  1680,  a  period  fruitful  in 
difcovcries,  when  the  mind  began  to  emancipate 
itfelf  from  thofe  errors  and  prejudices  by  which  it 
had  been  too  long  cnflavcd,  to  aflcrt  it's  rights, 
extend  it's  powers,  and  follow  the  paths  which 
lead  to  truth.  I'he  honour  of  the  invention  is 
chimed  by  the  Italians  and' the  Dutch;  the  name 
of  the  inventor,  however,  is  loft ;  probably  the 
difcovery  did  not  at  firft  appear  fufficiently  im* 
portani,  to  engage  the  attention  of  thofe  men,  who, 
by  their  rcputaiion  in  fcicnce,  were  able  to  efta- 
blifti  an  opmion  of  it's  merit  with  the  reft  of  the 
world,  and  hand  down  the  name  of  the  inventor  to 
fucceeding 

•  S«  rny  F.Hjvs  on  llr  Microfcope,  of  which  I  mean  to 
piiMiDi  a  nrw  edition  Ihc  lumr  lir;-  with  lliij  u-ork,  to  which  it 
w-ill.te  »^i.ipcr  iiipplerneiii,  )r,.iiifciiitij  llie  wifUozn  of  God  in 
iheminuic  p-uti  of  cioauoh. 
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fncceeding  ages.  Men  of  great  titerary  abtUtica 
are  apt  to  defpife  the  firfl  Mwnh^  of  invention, 
not  confidcring  that  all  real  knowledge  b  pro* 
greOive,  and  that  what  they  deem  trifling  majr 
be  the  firft  and  neceilary  link  to  a  new  branch  of 
fcience. 

The  microfcope  extends  the  boundaries  oC 
theoi^ns  of  vifion;  enables  ui  to  exanune  the 
ftmi^ure  of  plants  and  animals ;  prefents  to  tha 
eye  myriads  of  beings,  of  whofe  exiftence  we  had 
before  formed  no  idea ;  opens  to  the  curious  an 
(Bchauftlefs  fource  of  information  and  pleafurcf 
and  furniihes  the  philofophcr  with  an  unlimited 
field  of  inveftigation.  It  leads,  to  ufe  the  words 
of  an  ingenious  vt  riter,  to  the  difcovery  of  a  theu- 
fand  woiulers  m  the  works  of  his  hand,  who  created 
ourfelves,  as  well  as  the  objeif^s  of  our  admiration; 
it  improves  the  faculties,  exalts  the  compreheik- 
iion,  and  multiplies  the  inlets  to  happinefs ;  id  4. 
new  fource  of  praife  to  him,  to  whom  all  we  pay 
is  nothing  of  what  we  owe;  and  while  it  plea£e« 
the  imagination  with  the  unbounded  treafures  it 
offers  to  the  view,  it  tNids  to  make  the  whole  life 
one  continued  iH  of  admiration.  For  there  is  no 
objedt  fo  inconiiderable,  that  it  has  not  fomething 
to  invite  the  curious  eye  to  examine  it ;  nor  is 
there  any,  which,  when  propei'ly  examined^  will 
■eC  amply  repay  the  trouble  of  inveftigation. 

It  is  not  difficult  to  fix  the  period  when  the 
microfcope  firft  began  to  be  generally  known,  and 
was  ufed  for  the  purpofe  of  examining  minute  ob-r 
je&B  i  for  though  we  are  ignorant  of  the  name  of 
1^  tirft  inventor,  we  are  acquainted  with  the  names 
of  thofe  who  firft  engaged  the  public  attention,  by 
exhibiting  fome  of  it's  wonderful  eifedts.  Zacha- 
rias  Janfens  and  his  fon  had  made  microfcopes  be- 
fore the  year  1619,  for  in  that  year  the  ingenious 
Cornelius  Drebell  brought  one,  which  was  made 

,  '  by 
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by  them,  with  him  into  England,  and  (hewed  it  to 
William  Borrell  and  others.  It  is  pclTiblc  this  in- 
ilrument'  of  Drcbcll's  was  not  ftrittiy  what  is  now 
meant  by  a  microfcope,  but  was  rather  a  kind  of. 
microfcopic  telcfcopc,  fomething  fimiiar  in  prin- 
ciple to  that  lately  dclcribed  by  Mr.  Acpinus,  in  a 
]*tter  to  the  Academy  of  Sciences  at  Peterfburg. 
it  was  formed  of  a  copper  tube  fix  feet  long  and 
one  inch  diameter,  fupportcd  by  three  brafs  pillars 
in  the  fiiapc  of  dolphins ;  thcfe  were  fixed  to  a  bafe 
of  ebony,  on  which  the  objc<fts  to  be  viewed  by  the 
microfcope  were  alfo  placed.  In  contradi<flion  to 
this,  Fonlana.'in  a  work  which  he  publiihed  in 
1646,  fays,  that  he  had  made  microfcopes  in  the 
year  1618:  this  may  be  alfo  very  true,  without 
derogating  from  the  merit  of  the  Janfcns,  for  we 
have  many  inflances  in  our  own  times  of  more  than 
one  perfon  having  executed  the  fame  contrivance, 
nearly  at  the  fame  time,  without  any  communica- 
tion from  one  to  the  other.  In  1685,  Stelluti 
publifhcd  a  defcription  of  the  parts  of  a  bee, 
which  he  had  examined  with  a  microfcope. 

If  we  conlidcr  the  microfcope  as  an  inllru- 
mtnt  confifting  of  one  lens  only,  it  is  not  at  all 
improbable,  that  it  was  known  to  the  ancients 
much  fooner  than  the  laft  century,  nay,  even  in  a 
degree  to  the  Greeks  and  Romans  ;  for  it  is  cer- 
tain, that  fptiSacles  were  in  ufc  long  before  the 
above-mentioned  period.  Kow  as  the  gtafles  of 
thcfe  were  made  of  different  convexities,  and  con- 
fequently  of  diti'crcnt:  magnifying  powers,  it  is  na- 
tural to  fuppnfc,  that  fmalicr  and  more  convex 
Icnfcs  were  made,  and  applied  to  the  examination 
of  minute  obicifts.  In  thisfcnfc,  there  is  alfofome 
ground  for  thinkliif^  th<;  ancients  were  not  ignorant 
of  the  ufc  o'i  \i-nk-i:,  or  at  Icaft  of  what  approached 
ne'arlv  to,  and  Uiij^lit  l.i  f(*mc  iniiauces  be  fubfti- 
ruicc  for  ti.eiii. 

O! 
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Of  the  Optical  Effect  of  Microscopes. 

It  has  been  already  obfervcd,  that  the  human 
eye  is  fo  conftituted,  that  we  cannot  fee  an  objedt 
diftinctly  when  it  is  nearer  the  eye  than  fix  inches 
To  enable  us  to  fee  objeAs  nearer  is  the  delign  of 
microfcopes,  for  by  this  means  we  are  enabled  to 
difcern  thofe  objects  which,  from  their  minutenefa, 
become  imperceptible  at  a  fmall  diftance.  Hence 
a  microfcope  is  faid  to  magnify  the  objects  fcen 
through  it ;  but  this  cxpreflion  is  only  true  with 
refpeit  to  the  apparent  magnitude  of  tlie  object. 

To  have  right  ideas  on  this  fubjed,  you  muft 
dirtinguilh  the  apparent  from  the  real  magnitude 
of  objefts  ;  the  real  magnitude  of  an  objeit  is  the 
objei^t  of  geometry,  and  remains  invariable  as  long 
as  theobjed  continues  in  the  fame  ftate  ;  the  ap- 
parent magnitude  may  be  infinitely  varied,  while 
the  real  fize  remains  unaltered.  Thus  the  ftars  in 
the  heavens  appcai  to  us  exceeding  fmall,  although 
their  real  fize  is  prodigious  ;  this  difference  is 
occafioncd  by  their  inmienfe  diftaiice.  If  we 
could  approach  them,  we  fliould  find  them  increafe 
in  fize  as  the  diltance  dimintlhes  ;  the  apparent 
magnitude  depending  in  a  great  degree  on  the  angle 
under  which  it  is  fecn,  and  this  angle  increafcs  or 
diminishes,  according  as  the  objeiit  is  nearer  to  or 
further  from  the  eye. 

Thus  let  PO  (>,;?!,'.  4,;)/.  8,  be  theobjedof  our 
fight  J  this,  if  the  eye  beat  A,  will  appear  under  the 
angle  P  A  Q,  called  the  vi/ual  angle,  and  which  de- 
termines in  a  great  mcafure  the  apparent  fize  of 
an  objedl.  It  is  plain  from  hence,  that  the  further 
the  eye  is  from  the  objcift,  the  fmalier  is  this  angle; 
and  that  thus  the  largeft  bodies  may  be  feen  under 
an  exceeding  fmall  angle,  if  they  are  at  a  fufficient 
diflance. 

If 
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If  the  eye  be  at  B,  the  obje*5t  will  be  feen 
under  the  Angle  O  B  Q,  which  is  vifibly  larger  than 
the  angle  P  A  Q.  Let  the  eye  be  at  c,  the  angle 
P  C  <J  is  iM^ger  than  P  B  Q ;  and  fo  on,  the  nearer 
the  eye  ia  to  the  ck>jc£t,  the  larger  is  the  vifutl 
angk. 

From  bence  it  follows^  that  the  apparent  dit- 
ancter  of  an  Dbjt:^  feen  by  the  naked  eye,  may  be 
jnagaified  ia  any  proportion  We  pleafe  ;  for  ss  the 
apparent  diaxnecer  ia  increafed  in  proportion  as  The 
dinuice  from  the  eye  ie  Icflened,  we  hav«  only  to 
ieflSrn-  ihe  iteflaBce  of  the  objeft  from  the  eye,  in 
order  to  increafe  the  apparent  dTanvcter  thereof.* 
Thus,  fuppofe  ckote  is  an  obicA,  A  B,  pL  8.  ^g.  5, 
'which  to  an  eye  at  E  fubtends  or  appears  under  the 
aagle  A  £  B,  we  may  magnify  the  apparent  dia<- 
necer  in  what  {»ioportion  wc  pleafe>  by  bringing 
our  eye  nearer  to  it.  If,  for  inftance,  we  woum 
ma^ify  it  in  the  proportiwi  of  F  G  to  A  B;  that 
ia,  lif  we  would  fee  the  ofe-jeft  under -an  angle  as 
laxgeas  F  EG,  or  would  make  it  appear  the  fame 
length  that  an  objeft  as  long  as  F  G  -woukl  appear, 
it  may  be  dtme  by  coming  nearer  to  the  objcft. 
For  the  Apparent  diameeer  is  as  the  difnince 
snverfcly  ;  therefore,  if  CD  is  as  much  left  ttiitft 
C  £,  as  F  G  is  greater  than  A  B,  I^  bringing  the 
Tye  nearer  to  the  ohjcd  in  the  proportion  of  C  I> 
TO  iE  D,  the  -apparem  diameter  will  be  magnified 
in  the  proportion  of  F  G  to  A  B  j  fo  that  the  ob- 
jeft  A  B,  to  the  eye  at  D,  will  .appear  as  long  as  an 
objcd:  FG  would  appear  to  the  eye  at  E.  In  the 
fame  snanner,  we -might  fliew,  that  the  apparent 
diameter  of  an  objcft,  when  feen  by  thenakedeye, 
maybe  infinite.  For  ftnce  the  apparent  diameter 
is  reciprocally  as  the  difUnce  of  the  eye,  when  the 
difUnce  of  the  eye  is  nothing,  or  when  the  eye  » 

clofe 
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clofe  to  the  objed  at  C,  the  appu-eni  titaineter  wilt 
be  the  reciprocal  of  iwching,  or  iitfintte. 

There  is,  however,  one  great  inconvehicnce 
in  thus  minifying  an  objeft,  without  Uk  hd|&  of 
gUflefi,  by  placing  the  eye  nearer  to  it.  TJw  in- 
convenience is,  that  we  cannbt  iee  an  vbjcA  4^ 
lindlyt  unlefs  the  eye  is  about  five  or  iitt  inches 
from  it :  thercforCj  if  we  bring  it  nearer  <tD  oUr  Cfe 
tban  five  or  fix  inches,  however  ic  may  be  «nagni» 
fied,  it  will  be  fcen  conftifedly.  Upon  thit  ac- 
count, the  greateft  afq>arent  magnitude  of  an  ob*- 
jed  that  we  are  ufed  to,  is  the  apparent  magmttidb 
when  the  eye  is  about  five  or  fix  inches  fsatn  it : 
and  we  never  place  an  obje<ft  much  withih  that 
diftance  -,  becaufe,  though  it  might  be  magnifiod 
by  this  means,  yet  the  ccmfiifion  would  prevrt»t  our 
deriving  any  advantage  from  feeing  it  fo  large. 
The  flze  of  an  object  feems  extraordinwy^  'whut 
viewed  through  a  convex  lens  ;  net  bccaofe  it  h 
inipoflible  to  make  it  appear  of  the  fame  fiee  to 
the  naked  eye,  bat  becaufe  at  the  diftance  from  the 
eye  which  would  be  necefiaty  for  this  pui^ofe,  it 
would  appear  exceedingly  confufed  j  for  which 
reafon,  we  never  bring  our  eye  fo  aebx  to  k,  laiA 
confequently  as  we  have  not  been  accuftoAicd  to 
fee  the  objedl  of  this  fizc,  it  appears  an  «KtFaor- 
dinary  one. 

On  account  of  the  extreme  minutenefe  of'the 
atoms  of  light,  it  is  clear,  a  fingle  ray,  or  even  4 
fmall  number  of  rays,  cannot  make  a  fenftble  im- 
prefiion  on  the  organ  of  fight,  whofe  fibres  «e  very 
grofs,  when  compared  to  ihefe  atoms  ;  it  is  Ttcccfj 
fery,  therefore,  that  a  great  number  fhould  proceed 
from  the  furfacc  of  an  objeil,  to  render  itvifible. 
But  as  the  rays  of  light,  which  proceed  froni'Ml 
objedt,  arc  continually  diverging,  different  mc 
tbods  have   been  contrived,  a^  we  have  already 
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fliewn  you,  either  of  uniting  them  in  a  given  pointw 
or  of  feparating  ihciji  at  pieafure. 

Thus,  by  the  help  of  convex  lenfes,  we  unite 
in  the  fame  fenfiblc  point  a.  great  number  of  rays, 
proceeding  from  one  point  of  an  object;  and  as 
each  ray  carries  with  it  the  image  of  the  point 
from  whence  it  proceeded,  all  the  rays  united 
muft  form  an  image  of  the  obje«5t  from  whence 
they  were  emitted.  This  image  is  brighter,  in 
proportion  as  there  are  more  rays  united ;  and 
more  diftindt,  in  proportion  as  the  order  in  which 
they  proceeded,  is  better  preferved  in  their  union. ' 

We  perceive  the  prefence  and  figure  of  ob- 
jci9«  by  the  impreflion  each  refpective  image 
makes  on  the  retina;  the  mind,  in  confequence 
of  thefe  impreffions,  forms  conclufions  concerning 
the  fize,  pofition,  and  motion  of  the  objctJt.-  It 
muft  however  be  obfcrved,  that  thcfe  conclultons 
are  often  reftified  or  changed  by  the  mind,  iik 
confequence  of  the  cfFeds  of  more  habitual  im- 
prefiions.  For  example;  there  is  a  certain  dif-' 
tance,  at  which,  in  the  general  bufinefs  of  life,  we 
are  accuftomcd  to  fee  objcfts:  now,  though  the 
meafure  of  the  image  of  thefe  objcrts  changes  con- 
fidcrably  when  they  move  from,  or  approach 
nearer  to  us,  yet  we  do  not  perceive  that  their  fize 
is  much  altered ;  but  beyond  this  diftance,  wo 
find  the  objeiits  appear  to  be  diminifhcd,  or  in- 
crcafed,  in  proportion  as  they  are  more  or  kfs  dif* 
tant  from  us. 

For  inftance,  if  I  place  my  eye  fuccciTively  at 
two,  at  four,  and  at  fix  feet  from  the  fame  pcrfon^ 
the  dimcnfions  of  the  image  on  the  rcrina  will  bo 
nearly  in  the  proportion  of  i,  of  t,  of  i,  and  confer 
qucntly  they  fiiould  appear  to  be  diminilhed  in  tlio 
fame  proportion;  but  we  do  not  perceive  this  di- 
minution, becaufc  the  mind  has  rcttiticd  the  ira*- 
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prcflion  received  on  the  retina.  To  prove  this, 
wc  need  only  confider,  that  if  we  fee  a  perfon  at 
1 20  feet  diftance,  he  wilt  not  appear  fo  ftrikingly 
fmall,  as  if  the  fame  perfon  fhould  be  viewed  from 
the.top  of  a  tower,  or  other  building,  120  feet 
high,  a  fituation  to  which  we  had  not  been  accuf- 
tomed. 

From  hence,  alfo,  it  is  clear,  that  when  we 
place  aglafs  between  the  object  and  the  eye,  which 
from  it's  figure  changes  the  diredlion  of  the  rays 
of  light  from  the  object,  this  objeifl  ought  not  to 
be  judged  as  if  it  were  placed  at  the  ordinary  reach 
of  the  fight,  in  which  cafe  we  judge  of  it's  fiie 
more  by  habit  than  by  the  dimenfions  of  the  ima- 

fes  formed  on  the  retina:  but  it  muft  be  eftimated 
y  the  lize  of  the  image  in  the  eye,  or  by  the  an- 
gle formed  at  the  eye,  by  the  two  rays  which  come 
from  the  extremity  of  the  objed. 

If  the  image  of  an  objeA,  formed  after  re- 
fraction, is  greater  or  Icfs  than  the  angle  formed  at 
the  eye,  by  the  rays  proceeding  from  the  extremi- 
ties of  the  objeift  itfelf,  the  objetft  will  appear  alfo 
proportionably  enlarged  or  dimiiiifhed;  fo  that  if 
the  eye  approaches  to,  or  removes  from,  the  laft 
image,  the  objedt'wili  appear  to  irjcreafeor  dimi* 
ni(h,  though  the  eye  fhould  m  reality  remove  from 
it  in  one  cafej  or  approach  towards  it  in  the  other; 
becaufe  the  image  takes  place  of  the  objeifl,  and  is 
COnfidered  inftead  of  it. 

The  apparent  diftance  of  an  obje<!t  from  the 
eye,  is  not  meafured  by  the  real  diftance  from  the 
laft  image;  for,  as  the  apparent  diftance  is  efti- 
mated principally  by  the  ideas  we  have  of  their 
fize,  it  follows,  that  when  we  fee  objects,  whofe 
images  are  increafed  or  diminifhed  by  refradtion, 
we  naturally  judge  them  to  be  nearer  or  further 
from  the  eye,  in  proportion  to  the  fize  thercofj 
Voj..  II.  -  N  n  when 
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when  compared  to  that  with  which  wc  are  ac- 
quainted. The  apparent  diftahce  of  an  objecl  is 
confiderably  affct^ted  by  the  brightnefs,  diftincS- 
nefs,  and  magnitude  thereof.  Now  as  thefe  cir- 
cuinftances  arc,  in  a  certain  degree,  altered  by  the 
refradion  of  the  rays  in  their  pafling  through  dif- 
ferent media,-  they  will  alfo,  ir\  iome  meafure, 
afFe£t  the  eftimation  of  the  apparent  diftance. 

Of  the  Single  MicaoscopE, 

The  fingle  microfbope  renders  minute  objefts 
vifible,  by  means  of  a  fmall  glafs  globule,  or  con- 
vex lens,  of  a  fliort  focus.  Let  KY,  fig.  6,  pi.  8, 
reprefent  the  eye  j  and  O  B,  a  fmall  objeiS  fituated 
very  near  to  it,  confequently  the  angle  of  it's  ap- 
parent magnitude  very  large.  Let  the  convex  lens 
RS  be  interpofed  between  the  eye  and  the  objeft, 
fo  that  the  diftance  between  it  and  the  objeft  may 
be  equal  to  the  focal  length ;  and  the  rays  which 
diverge  from  the  objed,  and  pafs  through  the  lens, 
will  afterwards  proceed,  and  confequently  enter 
the  eye  parallel:  after  which,  .they  will  be  con- 
verged, and  form  an  inverted  image  on  the  retina^ 
and  the  objetl  will  be  clearly  feen  ;  chough,  if  re- 
moved to  the  diftance  of  fix  inches,  it's  fmallnefs 
would  render  it  invifible. 

When  the  lens  is  not  held  clofc  to  the  eye,  the 
objed:  is  foniewhat  more  magnified  ;  becaufe  the 
pencils,  which  pafs  at  a  diftance  from  the  center 
of  the  lens,  are  rci'racled  inward  towards  the  aws» 
and  confequently  letm  to  come  from  points  more 
remote  from  the  center  of  the  obje<5l. 

h'ig.  10,  pi.  8,  may,  perhaps,  give  the  reader  a 
ftill  clearer  view,  why  a  convex  lens  increafes  the 
angle  of  vifiL-n.     Without  a  lens,  as  FG,  the  eye 
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^t  A  would  fee  the  dart  BC  under  the  angle  bAcj 
but  the  rays  B  F  and  C  G  from  the  extremities  of 
ihe  dan  in  paffing  through  the  lens,  are  refradtecj 
to  the  eye  in  the  direJlions  fA  and  Ga,  which 
caufes  the  dart  to  be  feen  under  the  much  larger 
pnglc  DAE  {the  fame  js  the  angle  f  AgJ.  And 
therefore,  the  dart  B  C  will  appear  fo  much  mag- 
jiified,  as  to  extend  in  length  from  D  to  E. 

The  objedt,  when  thus  feen  diftin(flly,  by 
^ncansofthe  fmall  lens,  appears  to  be  magnified 
nearly  in  the  proportion  which  the  focal  diftance 
of  the  gUfs  bears  to  the  diftance  of  the  objei5ts» 
Vhpn  viewed  by  (he  naked  eye. 

To  explain  this  further,  place  the  .eye  clofe  to 
the  glafs,  th^t  as  much  of  the  objetft  may  be  feei> 
At  one  view  as  is  pofTible  ;  then  remove  the  objedt 
.to  and  fro,  till  it  appears  pcrfedly  diftindl,  and 
well  defined  ;  now  remove  the  lens,  and  fubftitute 
in  it's  place  a  thin  plate,  with  a  very  fmali  hole  in 
it,  and  the  pbjeil  will  appear  as  diftindt,  and  as 
jnuch  magijified,  as  with  the  lens,  though  not 
.quite  fo  brightj  and  it  appears  as  much  more 
magnified  in  this  cafe,  than  it  does  when  viewed 
with  the  naked  eye,  as  the  diftance  of  the  objedt 
/rom  the  hole,  or  lens,  is  lefs  than  the  diftance  at 
which  it  may  be  feen  diftindtly  with  the  paked 
eye. 

From  hence  we  fec^  that  the  whole  cfFctft  of 
.the  lens  or  microfcope  L";  to  render  the  objedl  dif- 
,tindt,  which  it  doc?  hy  affifting  the  eye  to  incrcafe 
;the  refradtion  of  the  rays  in  each  pencil ;  and  that 
.the  appa,rent  jnagnitqdc  is  entirely  owing  to  the 
.objedl:  being  feen  fo  much  nearer  the  eye  than  it 
could  be  viewed  without  it. 

In  other  words^  a  fingle  microfcope  remevcs 
jthe  confufion  that  accompanies  objedts  wherj  feco 
yery  near  the  eye,  while  it  leaves  the  vifua!  angle 
,thf  fame.     I.  It  removes  the  confufion,   for  the 
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objctfl  being  placed  in  the  focus  of  the  lens,  the 
rays  emci^ing  from  thence  are  parallel,  which  you 
know  is  neceflary  to  diftinft  vifion.  2.  The  angle 
is  the  fame,  for  whether  the  eye  touches  the  glafs, 
or  is  removed  a  little  way  from  it,  it  appears  un- 
der the  fame  angle  as  ic  would  to  the  eye  placed 
*hcre  the  glafs  is  fixed. 

Single  microfcopes  magnify  the  diameter  of 
the  objecT:,  as  we  have  already  fhewnj  in  the  pro- 
portion of  the  focal  diftaiu^e  (to  the  limits  of  dif- 
tind  vifion  with  the  naked  eye)  to  eight  inches. 
For  example,  if  the  femi-diametcr  of  a  lens, 
equally  convex  on  both  fides,  be  half  an  inch, 
which  is  alfo  equal  to  it's  focal  diftance,  we  {hall 
have  as  4  is  to  8,  fo  is  i  to  16 ;  that  is,  the  diame- 
ter of  the  objeft  in  the  proportion  of  fixteen  to 
one.  .  As  the  diftance  of  eight  inches  is  always  the 
fame,  it  follows,  that  by  how  much  the  focal  dif- 
tance is  fitvaller,  there  will  be  a  greater  difference 
between  it  and  the  eight  inches  ;  and  confcquently, 
the  diameter  of  the  objet!:t  will  be  fo  much  the 
more  magnified,  in  proportion  as  the  Icnfcs  are 
fegments  of  fmalicr  fphcrts. 

As  the  clofcr  the  ob'tcct  is  to  the  eye  the 
larger  it  appears,  it  follows,  that  a  double  and 
equally  convex  lens  is  preferable  to  a  plano-con- 
vex lens,  bccaufc  with  equal  convexities  the  focal 
length  of  the  former  is  only  half  as  long  as  the 
Utter.  Now  as  the  double  convex  confilts  of  two 
fcgments  of  a  fphcre,  the  more  an  objeiit  is  to  be 
magnified,  the  greater  muft  be  the  convexity,  and 
thcrefoie  the  (inaller  the  fphcre,  till  at  laft  the 
urmoft  degree  of  magnifying  power  will  require 
that  thefc  fegments  become  hcniifphercs,  and  con- 
fcqucntiy  the  leas  will  be  reduced  to  a  perfeA 
fpherule,  or  very  fmall  fphcre. 

Very  e:ttraordinary  magnifying  powers  may 
be  obtained  by  means  of  fmall  fpUeruIes,  for  the 
,-  focus    ■ 
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focus  of  parallel  rays  is  only  half  the  radius  diftant 
from  the  fpherule  j  therefore,  if  the  radius  of  the 
fpherule  be  -^  of  an  inch,  the  eye  will  have  dif- 
tin(fl  vifion  of  an  objcfl  by  means  thereof  at  the 
diftancc  of  a  radius  and  a.half,  i.  e.  i^of  an  inch, 
which  is  but  the  fortieth  part  of  6  inches,  fo  that 
the  length  of  an  objeiS  will  be  magnified  40  times, 
the  furfacc  1 600. 

Or  THE  Double  or  Compound  Microscopi. 

In  the  compound  microfcope,  the  image  i; 
viewed  inftead  of  the  objed,  which  image  is  mag- 
nified by  a  fingle  lens,  as  the  objcift  is  in  a  fingle 
microfcope.  It  confifts  of  an  objed  lens,  LN, 
fy.  8,  pi.  8,  and  ah  eye-glifs  F  0.  The  objedt 
OB  is  placed  a  little  further  from  the  lens  than  - 
it's  principal  focal  didance,  fo  that  the  pencils  of 
rays  proceeding  from  the  difi^ercnt  points  of  the 
object  through  the  lens,  may  converge  to  their  re- 
fpeiSive  foci,  and  form  an  inverted  image  of  the 
objcdt  at  P  Q  ;  which  image  is  viewed  by  the  eye 
through  the  cyc-glafs  FG,  which  is  fo  placed,  that 
the  image  may  be  in  it's  focus  on  one  fide,  and  the 
eye  at  the  fame  diftance  on  the  other-  The  rays 
of  each  pencil  will  be  parallel,  after  palling  out  of 
the  glafs,  till  they  reach  the  eye  at  E,  where  they  will 
begin  to  converge  by  the  refrailive  powers  of  thp 
humours  j  and  after  having  croflcd  each  other  in 
the  pupil,  and  paflcd  through  the  cryftallinc  and 
vitreous  humours,  they  will  be  coUeiled  in  points 
on  the  retina,  and  form  a  large  inverted  image 
thereon. 

It  will  be  eafy,  from  what  has  been  already 
explained,  to  underitand  the  reafon  of  the  magni- 
fying power  of  a  compound  microfcope.  The 
objetl  is  magnified  upon  two  accounts  j  firft,  be- 
caufe  if  we  viewed  the  image  with  the  naked  eye, 
Nn3  it 
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it  would  appear  as  much  larger  than  theobjcR,  a4 
the  image  is  really  larger  rhan  it,  or  as  the  diftance 
f  R  is  greater  than  the  diftance  fb;  and  fecondly, 
becaufe  this  picture  is  again  magnified  by  the  eye- 
glafs,  upon  the  principle  explained  in  the  foregoing 
article  On  vifiort  by  fingle  microfcopes. 

Bt!£  it  is  to  be  noted,  that  the  image  formed 
in  the  focus  of  a  lens,  as  is  the  cafe  in  the  com- 
pound microfcopc,  differs  from  the  real  obje.S  in 
a  very  eflendal  particular  ;  that  is  to  fay,  the  light 
being  emitted  from  the  objedt  in  every  direiftion, 
tenders  it  vifiblc  to  an  eye  placed  in  any  pofllion  ; 
but  the  points  of  the  image  formed  by  a  lens,  emit* 
ting  no  more  than  a  fmall  conical  body  of  rays, 
which  arrives  frorh  the  glafs,  can  be  vifibleonly 
when  the  eye  is  fituated  within  it's  corifine.  Thus 
the  pencil,  which  emanates  from  O  in  the  obje<5l, 
dnd  is  converged  by  the  lens  to  D,  proceeds  after- 
wards diverging  towards  H,  and  therefore  never 
arrives  at  the  lens  FG,  nor  enters  the  eye  at  E. 
But  the  pencils  which  proceed  from  the  points  o 
and  b,  will  be  received  on  the  lens  FG,  and  by  it 
carried  parallel  to  the  cyc;  confequently,  the  cor- 
refpondent  points  of  the  image  Q  P  wijl  be  vifible; 
and  thofe  which  are  fi-i:ated  tarther  out  towards  H 
and  I,  will  not  be  fccn.  This  quantity  of  the 
image  QP,  or  vifible  area,  is  called  the  field  of 
View. 

Hence  it  appears,  that  if  the  image  be  large, 
4  ver>'  fnlall  part  of  it  will  be  vifible  j  becaufe  the 
pencils  of  rays  will  for  the  molt  part  fall  without 
the  e>'e-glafs  FG.  And  it  is  likcwife  plain,  that 
a  remedy  which  would  caufe  the  pencils,  which 
proceed  from  the  extremes  O  and  B  of  the  objed:, 
to  arrive  at  the  eye,  will  render  a  greater  part  of  it 
vifiblc ;  or,  in  other  words,  enlarge  the  field  Of 
view.  This  is  cffefied  by  the  interpofition  of 
a  broad  lens   DE  of  a  proper  curvature,  at  a 

fmall 
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fmall  diftancc  from  the  focal  image.  For,  by  that 
means,  the  pencil  DM,  which  would  otherwife 
have  proceeded  towards  H,  is  refra(5tcd  to  the  eye 
as  delineated  in  the  figure,  and  the  mind  conceives 
from  thence  the  exiftence  of  a  radiant  point  at  Q, 
from  which  the  rays  laft  proceeded.  In  like  man- 
ner, and  by  a  parity  of  reafon,  the  other  extreme 
of  the  image  is  fcen  at  P,  and  the  intermediate 
points  are  aifo  rendered  vifible.  On  thcfc  confi- 
derations  it  is,  that  compound  microfcopes  are 
ufually  made  to  confift  of  an  obje<51:  lens  llN,  by 
■which  the  image  is  formed,  enlarged,  and  inverted  ; 
an  amplifying  lens  DE,  by  which  the  field  of 
view  is  enlarged,  and  an  eyc-glafs  or  lens,  by  means 
of  which  the  eye  is  allowed  to  approach  very  near, 
and  confcquently  to  view  the  image  under  a  very 
great  angle  of  apparent  magnitude.  It  is  now 
cuftomary  to  combine  two  or  more  lenfes  together 
at  the  cye-glafs,  in  the  manner  of  Euftachio  Di- 
vini  and  M.Joblot;  by  which  means,  the  aberra- 
tion of  light  from  the  figure  is  in  fome  meafure 
correded,  and  the  apparent  field  incrcafed. 

Of  the  Solar  Microscope. 

In  this  inftrument,  the  image  of  the  objcft  is 
thrown  upon  a  fcreen  in  a  darkened  room.  It  may 
be  confidercd  under  two  diftinift  heads:  i ft,  the 
mirror  and  lens,  which  are  intended  to  rcflcift  the 
light  of  the  fun  upon  the  objetfl;  and  adly,  that 
I»rt  which  conftitutes  the  microfcope,  or  which 
produces  the  magnified  image  of  the  objeft,,(ff.  9, 
fl.  8.  Let  N  O  reprefent  the  fide  of  a  darkened 
chamber  ;  GH  a  fmall  convex  lens,  fixed  oppofitc 
toapcrforation  inthefideNOi  ABapIane  mirror, 
or  looking-glafs,  placed  without  the  room  to  refleA 
the  folaf  rays  a,  b,  c,  Sec.  on  the  lens  C  D,  by  which 
N  n  4  they 
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they  are  converged  and  concentrated  on  the  ob* 
jcft  fixed  at  EF. 

2.  The  objccl  being  thus  illuminated,  the  ray 
which  proceeds  from  K  will  be  converged  by  the 
lens  G  H  to  a  focus  K,  on  the  fcrecn  L  M ;  and 
the  ray  which  comes  from  F  will  be  converged  to 
Ij  and  the  intermediate  points  will  he  delineated 
between  I  and  K ;  thus  forming  a  pidurc,  which 
will  be  as  much  larger  than  the  objeift,  in  propor- 
tion as  the  diflance  of  the  fcrcen  exceeds  that  of 
the  image  from  the  objcd:. 

General  Observations. 

From  what  has  been  faid,  it  appears  plainly, 
the  advantages  we  gain  by  microfcopes  are  derived, 
firft,  from  their  magnifying  power,  by  which  the 
eye  is  enabled  to  view  more  diftinAly  the  parts  of 
minute  objefls;  fecondly,  that  by  their  affiftance, 
more  light  is  thrown  into  the  pupil  of  the  eye, 
than  is  done  without  them.  The  advantages  pro- 
cured by  the  magnifying  power,  would  be  exceed- 
ingly circumfcribed,  if  they  were  not  accompanied 
by  the  latter;  for  if  the  fame  quantity  of  light  is 
difFufed  over  a  much  larger  furface,  it's  force  is 
proportionably  diminifhed  ;  and  therefore  the  ob- 
jetf),  though  magnified,  will  be  dark  and  obfcure. 
Thus,  fuppofe  the  diameter  6T  the  objcft  to  be  en- 
larged ten  times,  and  confequently  the  furface  one 
hundred  times,  yet,  if  the  focal  diftance  of  theglafe 
was  eight  inches,  (provided  this  was  poifiblc)  and" 
it's  diameter  only  about  the  fize  of  the  pupil  of 
the  eye,  the  objedl  would  appear  one  hundred 
times  more  obfcure  when  viewed  through  the  glal&> 
than  when  it  was  feen  by  the  naked  eye  ;  and  this 
even  on  the  fuppofition,  that  the  glafs  tranfmittcd 
{ill  the  light  which  fell  upon  it,  which  no  glafs  can 
4  do. 
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do.  But  if  the  glafs  was  only  four  inchn  focal 
diftance,  and  it's  diameter  remained  as  before,  the 
inconvenience  would  be  vaftly  diminifhed  j  be- 
caufe  the  glafs  could  be  placed  twice  as  near  the 
objedl  as  before,  and  would  confcquently  receive 
four  times  as  many  rays  as  in  the  former  cafe,  and 
we  fhould  therefore  fee  it  much  brighter  than  be- 
fore. By  going  on  thus,  diminilhing  the-  focal 
diftance  of  the  glafs,  and  keeping  k's  diameter  as 
large  as  poflible,  we  fhall  perceive  the  objefl  pro- 
portionably  magnified,  and  yet  remain  bright  and 
diftindt.  Though  this  is  the  cafe  in  theory,  yet 
there  is  a  limit  in  optical  inftruments,  which  is 
foon  arrived  at,  but  which  cannot  be  paffed.  Thb 
arifes  from  the  following  circumftances.* 

I.  The  quantity  of  light  loft  in  pafling 
through  the  glafs. 

3.    The  diminution  in  the  diameter  of  the  ■ 
glafs  or  lens  itfelf,  by  which  it  receives  only  a 
fmall  quantity  of  rays. 

3,  The  extreme  Ihortncfs  of  the  focal  diftance 
of  great  magnifiers,  whereby  the  free  accefs  of  the 
light  to  the  objeiit  we  wilh  to  view  is  impeded, 
ami- confcquently  the  reflection  of  the  light  from  it 
is  weakened. 

4,  The  aberration  of  the  rays,  occafioned  by 
their  different  refrangibility. 

To  make  this  more  clear,  let  us  fuppofe  ft 
lens  made  of  fuch  dull  kind  of  glafs,  that  it  tranf- 
mitB  only  one  half  the  light  that  falls  upon  it.'  It 
is  evident,  that  fuppofing  this  lens  to  be  oft  four 
inches  focus,  and  to  magnify  the  diameter  or  the 
obje(it  twice,  and  it's  own  breadth  equal  to  that  of 
the  pupil  of  the  eye,  the  objedt  will  be  four  times 
magnified  in  furface,  but  only  half  as  bright  as  if 
iC  was  feen  by  the  naked  eye  at  the  yfual  diftance ; 

for 

•  Encyclopedia  Britannica,  vol.  viii,  p.  5635. 
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for  the  light  which  falls  upon  the  eye  from  the 
objeft  at  eight  inches  diftance,  and  likewife  the 
farfacc  of  the  olgcdt  in  it's  natural  fizc,  being  both 
reprcfented  by  i,  the  furfacc  of  the  magnified 
objeft  wiU  be  4,  and  the  light  which  makes  it 
vilible  only  2 ;  becaiife  thougn  the  glafs  receives 
four  times  as  much  light  as  the  naked  eye  does  at 
the  ufual  diftance  of  diftindt  vifion,  yet  one  half  ii 
loft  in  pafTiBg  throygh  the  glafs.  The  inconve- 
nience, in  this  rcfpcct,  can  only  be  removed  fo  far 
aa  it  is  pofliblc  to  incrcafe  the  tranfparpncy  of  the 
glafs,  that  it  may  tranfmit  nearly  all  the  rays  wbich 
fall  upon  it;  and  how  far  this  can  be  done,  has 
not  been  yet  afcertaincd. 

The  fecond  obftacle  to  the  perfe<5tion  of  mi- 
crofcopic  glaffes,  is  the  fmall  fize  of  great  magni- 
fiers ;  by  which  means,  notwithftanding  their  near 
approach  to  the  objcft,  they  receive  a  fmallerquaii- 
tity  of  light  than  might  be  c:;peded.  Thus,  fup' 
pofe  a  glafs  of  only  one-tenth  of  an  inch  focal 
diftance,  fuch  a  glafs  would  increafe  the  vifible 
diameter  eighty  times,  and  the  furfacc  6400  times, 
If  the  breadth  of  the  glafs  could  at  the  fame  time 
be  prefervcd  as  great  as  the  pupil  of  the  eye,  which 
we  ftiall  fiippofe  one-tenth  of  an  inch,  the  objeift 
would  appear  magnified  64OO  times,  and  every 
part  would  be  as  bright  as  it  appears  to  the  naked 
eye.  But  if  we  fuppofc  the  lens  to  be  only  ^'^  of 
an  inch  diameter,  icwill  then  only  receive  Jot  thi 
light  which  would  otherwife  have  fallen  upon  it: 
therefore,  inftcad  of  communicating  to  the  mag- 
niiied  objedt  a  quantity  of  light  equal  to  6400,  it 
would  communicate  an  illunimation  fuitcd  only  to 
i6co,  and  the  magnilicd  objedt  would  appear  four 
times  as  dim  as  it  does  to  the  naked  eye.  Thii 
inconvenience  can,  however,  be  in  a  great  degree 
removed,  by  throwing  a  much  larger  quantity  of 
light  on  the  objcit. 

The 
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TTie  rhird  obftacle  arifcs  from  the  Ihortncfs  of 
the  focal  diftance  in  large  magnifiers  ;  this  incon- 
venience can,  iike  the  former,  be  remedied  in 
feme  degree  by  artificial  means  of  accumulating 
light ;  but  ftill  the  eye  is  fo  (trained,  as  it  muft  bs 
brought  nearer  the  glafs  than  it  can  well  bear, 
which  in  fome  meafure  fuperfedes  the  ufe  of  very 
deep  IcnfeB,  or  fuch  as  art  capable  of  magnifying 
beyond  a  certain  degree. 

The  fourth  obftacle  arifes  from  the  diffe* 
rent  refrar.gibility  of  the  rays  of  light,  and  which 
frequently  causes  fuch  deviations  from  truth  in 
the  appearance  of  things,  that  many  have  ima- 
gined themfelves  to  have  made  furprizing  difco- 
veries,  and  have  communicated  them  as' fudi  to 
the  world ;  when,  in  fait,  they  have  been  only  op- 
lical  deceptions,  owing*  to  the  unequal  rcfraclioa 
of  the  rays. 


CONCLUSION. 

After  all  that  has  been  faid  oft  optics,  &c.  the 
queftion  ftill  occurs,  IVbal  is  light  ?  bow  is  it 
formed?  and  of  what  fuhjlance  ?  Thefe  are  qucf- 
tions  that  have  been  canvaffed  and  difputcd  lince 
the  firft  origin  of  fciencc  and  philofophyj  and 
numberlefs  are  the  conje<fhires  which  at  different 
periods  have  arifen  concerning  them  in  the  fchools 
of  learning. 

Empcdoclcs,  one  of  the  earlicft  philofophcrs 
of  Greece,  taught  that  light  was  an  emanation  of 
certain  luminous  atoms,  fubtil  enough  to  pervade 
the  invifible  pores  of  air,  water,  and  other  dia- 
phanous bodies.  Plato  feems  to  have  been,  in 
every  material  circumftancc,  of  the  fame  opinion  ; 

and 
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and  further  maititained,  that  colour  is  no  more 
than  an  extremely  rare  and  fubtil  flame,  capable 
of  penetrating  the  dcnfcft  bodies.  Empedoclea 
accounted  for  vilion  in  a  two-fold  way,  that  it  was 
performed  by  the  effluvia  which  proceed  from  the 
objedt,  and  by  the  emiflion  of  light  from  the  eye, 
■  as  from  a  lanthorn.  The  latter  opinion  is  proved, 
by  a  palTage  cited  by  Ariftotle;  it  is  a  beautiful 
remains  of  antiquity.  I  Ihall  give  it  you  from 
Sydenham's  tranflation: 

As  when  the  trav'I'cr  in  dark  winter's  oight, 

InicBl  on  journey,  kindles  up  a  lighr, 

The  moon,  like  Cplendor  uf  an  oil-fed  flame. 

He  fets  it  in  fome  lantern's  horny  fiamc  ; 

Calm  and  ferenc  there  lits  the  tender  form, 

Screen'd  from  rough  winds,  atid  from  the  wintry  florni. 

In  vain  rude  airs  alTviili  thr  gentle  fire, 

Their  forces  break,  difperfe,  and  ihey  retire ; 

Fences  fecure,  tho'  thin,  the  fair  Inclofe, 

And  her  bright  head  (he  lifts  amidfl  her  foes. 

Thro'  the  ftrait  pores  of  the  tranfparent  horn, 

She  Ihoots  her  radiance,  mild  as  early  moni. 

Forth  fly  the  rays;  their  (hining  path  extends, 

Till  loft  in  the  wide  air,  their  lefs'ning  lullre  ends. 

So  when  the  fire  frefti  lighted  from  ou  nigh. 

Sits  in  the  circling  pupil  of  an  eye  ; 

O'er  it,  tranfparent  veils  of  fabric  fine 

Spread  the  thin  membrane,  and  defend  the  (hrine  ; 

The  fubtil  flame  incloting  like  a  mound. 

Safe  from  the  flood  of  humours -flowing  round. 

Forth  fly  the  rays,  and  their  bright  paths  extend, 

Till,  in  the  wide  air  lof),  their  fuflrcs  end." 

*  Nor  is  this  reaToning  of  the  ancienti  to  be  altogether 
defpired,  for  there  are  various  arguments  and  experiments  to 
prove  that  the  feat  of  fenfc  is  not  entirely  HfTive  in  receiving 
imagct,  but  that  it  slfo  dire£ls  a  ray  from  itfelf,  lo  every  objrct 
it  perceives.  The  atlion  and  re-aftion  between  objefii  and  the 
{eat  of  fenlc  is  wholly  reciprocal,"     A.  Wilfon,  M.  D.  MeAitet 

Dcfcartes 
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Dcfcartes  maintained,  thai  light,  as  it  exiftcd 
in  the  luminous  body,  is  nothing  but  a  power  or 
faculty  of  exciting  in  us  a  very  clear  and  vivid 
fcnfation;  and  that  the  invifible  pores  of  lucid 
bodies  are  pervaded  by  a  fubtil  and  highly  elaftic 
matter,  capable  of  being  impelled  by  thefe  bodies, 
and  of  producing  on  the  organs  of  vifion,  when 
properly  formed,  the  perception  of  light. 

Sir  Ifaac  Newton  feems  to  have  formed  no 
direct  opinion  on  the  fubjeift ;  from  what  he  has 
faid  we  may  conclude,  he  thought  it  confifted  of 
folid  particles  of  matter,  when  explaining  more 
particularly  the  nature  of  light,  he  fays,  that  it  is 
refraiited  and  reflected  by  an  etherial  medium,  by 
the  vibrations  of  which,  it  communicates  heat  to 
bodies,  and  is  put  into  fits  of  eafy  reflection  ajid 
tianfmiflion. 

In  the  peripatetic  fchool,  light  was  considered 
as  a  fubftance,  neither  purely  fpiritual  nor  purely 
corporeal,  and  was  therefore  defined  a  materia 
media  -,  and  indeed,  when  we  contemplate,  with  a 
.  philofophic  eye,  the  aftoniftiing  cffcds  of  light, 
we  find  fufhcient  ground  for  accounting  it  of  a 
nature  widely  different  from  kimpifli,  grufs,  inac- 
tive matter.  That  light,  however,  is  material, 
cannot,  as  we  have  already  fliewed  you,  be 
difputed  with  any  degree  of  probability.  The 
materiality  not  only  appears  from  it's  being  pro- 
pagated in  time,  but  from  it's  not  bending  into 
Ihadow.  The  folar  rays  are  not  only  capable  of 
being  colleded  by  a  burning-glafs,  but  when  col- 
lected, exhibit  marks  of  a  power  altogether  irre- 
jiftiblc.  If  a  diamond,  the  hardefl:  of  terreous  . 
bodies,  be  placed  in  the  focus  of  a  burning-glafs, 
the  light  immediately  enters  it,  tears  it's  parts 
afundcr,  divides  and  difTolves  them.  Here  you 
■  perceive  the  lens  ailing  upon  the  light,  and  the 
light  upon  the  diamond.     Since,  therefore,  light 

both 
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both  ads  and  is  adcd  upon,  as  matter,  we  mull  allow 
it's  properties  to  be  material. 

The  unparallcHed  fubtilty  of  light,  and  th^ 
impoflibility  of  fubjedting  it  to  chemical  analyfis, 
render  every  inquiry  into  it's  eiTence  peculiarly  ar- 
duous and  difficult.  Many  and  various  arc  the 
phenomena  which  point  out  the  moft  intimate  and 
immediate  conned:ion  between  fire  and  light. 
You  all  know,  that  thofe  bodies  which  are  heated 
moft  intenfely,  arc  moil  luminous,  and  that  the 
light  of  the  fun  concentrated  by  convex  glafTcs, 
produces  a  degree  of  heat  almoft  irrefiftible.  Here 
you  perceive,  that  fire  produces  Jighi,  and  light 
produces  the  moft  intenfe  heat.  If,  therefore,  the 
lame  caufes  produce  the  fame  efFetSs,  or,  inverting 
the  axiom,  if  the  fame  cfFeifls  proceed  from  the  fame 
caufes,  it  muft  be  inferred  in  the  prefent  inftance, 
that  light  and  fire  are  cither  one  and  the  fame  fub- 
ftance,  or  at  ledl  in  the  immediate  chain  of  caufc 
and  cfFcd. 

The  connexion  between  fire  and  light  is  fur- 
ther evinced  by  the  well-known  effeds  of  the  latter 
on  moft  bodies ;  innumerable  experiments  {hew, 
that  there  is  a  certain  degree  of  heat  at  which  bodies 
become  luminous,  and  that  ajl  bodies  which  fuf- 
tain  that  heat,  without  being  converted  Into  va- 
pour, may  univerfally  be  Ignited.  There  are  even 
ibme  fubftancCF,  which,  though  they  evaporate  at  4 
degree  of  heat  far  below  that  at  which  they  ftioulj 
begin  to  Ihinc,  may,  by  proper  management,  be 
ignited. 

k  now,  I  think,  appears,  that  when  Plato 
defined  light  "  a  rare  and  fubtil  flame,"  he  came 
nearer  the  truth  than  later  philofophers  have  in 
general  imagined.  Can  yjLi  delire  a  more  con- 
vincing proof  of  the  foHd  judgment  and  penetra- 
tion of  that  ancient  fage,  than  that  after  the  lapf? 
pf  fo  many  centuries,  and  the  vaft  progrefs  made  i;j 

the 
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the  fcience  of  nature,  we  are  under  the  neceflity  of 
rejefting  the  theories  of  the  modems,  to  revive 
his  long  exploded  dodriise,  as  moft  confonant  with 
faifls  and  experiments.  For,  if  to  the  arguments 
already  ufed  to  prove  the  identity  of  fire  and  light, 
it  be  added,  that  light  and  heat  diffufe  themfcTves 
from  a  center  outward,  that  they  aift  ii^  ftrait  lines, 
and  are  fubjedt  to  the  fame  laws  of  reflediion,  we 
can  hardly  withhold  our  alTcnt  from  the  Platonic 
doctrine. 

It  may  be  further  obfcrvcd,  that  in  general  no 
light  is  excited  until  a  decompofition  takes  place, 
and  the  fixed,  or  latent  fire,  begins  to  be  fcparated 
from  the  bodies  :  light  may  be  therefore  confidercd 
as  fire  pafTmg  throiigh  certain  ftrainers  well  de- 
fined, and  as  cxifting  in  a  more  pure  and  limple 
ftate,  and  being  lefs  incumbered  with  terreous  gra- 
vitating matter,  than  fire. 

And  if  you  furvey  the  various  operations  of 
nature,  with  that  attention  and  accuracy  chat  are 
neceflary  in  the  profecution  of  phyfical  inquiries, 
I  think  I  may  venture  to  affert,  that  you  will 
not  meet  with  a  fingle  inftance  from  which  it 
can  appear,  that  light  can  be  excited  without 
the  concurrence  of  the  elertientary  principle  of 
fire. 

I  have  now  finiftied  another  fei  of  LetJtures, 
and  have  given  you  an  account  of  the  known  pro- 
perties of  light,  and  among  many  other  things 
have  explains  to  you  the  wonderful  mechanifm 
pf  the  eye,  whereby  it  is  rendered  the  means  of 
vifion;  and  (hewn  you  what  alTiftance  it  receives 
from  glalTes.  It  has  here  alfo  been  ftiewn  you, 
that  the  particles,  of  which  light  is  compofed,  ar« 
of  different  colours,  and  that  the  colour  of  each 
particle  is  lafting  and  permaneni,  fo  as  not  to  be 
(hanged  either  by  refraflion  or  refleiflion;  and 
fhat  thofe  particles  which  dilFer  as  to  colour,  differ 
3  '  aifo 
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alfo  as  to  refrangibility;  and  that  light,  by  being 
thus  differently  coloured,  drefles  nature  in  various 
beauties.  In  thcfe  Le(^tures  I  have  explained  to 
you  the  principles  of  the  microfcope  and  telefcopCj 
inftruments,  by  which  the  boundaries  of  human 
knowledge  have  been  much  enlarged.  In  this  fet 
of  Lcftures  there  are  further  proofs,  that  "  air, 
fire,  and  Mgbt,  are  the  powers  in  nature  by 
which  all  naturalmotion  and  life  are  preferved: 
the  moft  ignorant  are  fenfible  of  this  truth,  and  it 
cannot  be  coniradi«ited  by  the  moft  learned." 

From  the  difcoveries  laid  before  you  in  thefe 
Le^res>  it  is  evident, "  that  the  works  of  creation 
are  infinitely  more  glorious  than  they  appear  to 
bct  that  they  arc  feen  by  us  under  thofe  circum- 
ftances  and  difadvantages  which  obfcurc  their  true 
charaifter  and  intrinfic  fplcndor;  that  in  propor- 
tion as  our  attention  is  fixed  upon  them,  their 
luftre  brightens,  their  excellencies  become  more 
confpicuous,"* 

I  have  occafionally  pointed  out  to  you  the 
application  of  light  as  a  fignificant  emblem  in  the 
facred  writings,  in  which  the  material  elements  of 
avifible  world  are  always  ufcd  to  lead  you  to  the 
knowledge  of  one  that  is  fpiritual  and  invifible. 
By  due  attention  to  thefc,  you  will  be  able  to  per- 
ceive the  energies  of  the  Divine  Mind  in  all  the 
various  forms  of  outward  nature,  and  acknowledge 
that  God  alone  is  the  beauty  and  benefit  of  all  his 
works  ;  that,  as  they  cannot  exift  but  ix  him  and 
Bv  HIM,  fo  HIS  impreHion  is  upon  them,  and  his 
impregnation  through  them. 

Though  the  elements  have  a  mixture  of  na- 
tural and  phyficat  evil,  yet  divine  order  influences 
throughout,  and  is  an  internal  principle  of  good, 
which  is  alone  all  the  beauty  and  beneficence,  the 

whole 

*  Cray's  Sennont,  p.  3. 
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Tvhole  glofy  and  gracioufnefs  that  is  in  them  j  nor  ' 
can  they  poflibly  exhibit  any  beauty  or  amiable- 
iiefs  but  what  they  derive  from  God.  All  things 
animate  and  inanihiate  co-operate  in  difplaying 
his  wifdom  and  power;  all  unite  in  the  univerfal 
ibng  to  the  glory  and  praift  of  their  beneficent 
Creator. 

''  Air  uttering  tells  h!s  harmotif  in  founds  ; 
The  light  reveals  t\\c  fountain  of  it's  rays. 
And  like  the  ferslph  kindles  in  his  praile. 

- All  echoing  the  sufreme's  dcHgn, 

BsxutY  OF  love,  ind  Symmetry  divihi!" 
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